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FOREWORD 


Tliis  .'tuAy  was  conducted  for  the  Office,  Chief  of  Engineers,  Civil 
Woi-ks  Task  Orcup  for  Inland  Waterways  Systems  Analysis  per  letter  EI^GCVI-PE, 
dated  8 Sep-ember  1970,  from  BG  R.  ;I.  Oroves,  Project  Manager.  In  the  ap- 
proach to  contemporary  large-scale  problems  it  is  desirable  that  aT.terna- 
tives  be  developed  prior  to  a major  decision  being  ma'ie.  This  report  con- 
cerns the  ai-oernative  of  improving  cu."rent  operation  of  the  components  of 
the  inland  waterways  system  and  the  svstem  as  a whole  rather  than  solving 
nroblems  only  with  new  construction.  The  study  was  based  upon  distribu- 
ticn  of  a questionnaire,  Task  Group  meetings  and  discussions,  and  visits 
to  Corps  of  Engineers  Civil  Works  offices  and  river  sites  by  the  author, 

ITT  Frederick  M.  Anklam,  CE,  Deputy  Director  of  the  U.  S.  Army  Engineer 
Waterways  Exueriment  Station  (WES; . 

Dr.  John  ;iarrison  of  the  Matheir.'.tical  Hydraulics  Branch  of  the  WES 
Hydraulics  Division  was  most  helpful  throughout  the  svudy,  performing 
this  service  in  addition  to  his  own  duties  for  the  Task  Group  in  1 e area 
of  mathematncal  modeling  and  methcdclcgies . The  queueing  theory  diagrams 
on  pages  N-A--x  and  N-A-5  and  table  N-A-2  are  his  work.  The  assistance  in 
the  compilation  of  Appendix  B by  PVT  ^ary  Wintergerst.  a civil  engineer 
assigned  to  aTJS  under  the  Army's  Scientific  and  Engineering  Assistants 
Prcgram,  is  uarticularly  appreciated.  Miss  Marie  Spl'ey  of  the  WHS  Re- 
seai'ch  Center  Library  very  efficiently  collected,  abs’  racted,  and  prepared 
the  selected  bibliography  which  perirnn'ted  a rapid  respcnse  in  this  report. 
Extensive  e '.iting  and  review  were  per  '<  rm.ed  by  Dr.  Ha'rison  and 
PVT  Wintergerst  of  the  Mathematical  H^'draulics  Branch-  ajid  Mr.  Richard  T. 
Smart  of  th-"'  Reproduction  and  Reports  Office,  WHS.  In  addition,  the  per- 
sonal revie'-'  in  detail  of  COL  Ernest  D.  Peixctto,  CS,  the  Director,  ai.d 
'■'r.  Frederick  R . Brown,  the  Technical  Director,  was  c great  ienefnt  in 
Imprei.'ing  t;:.e  end  product . 
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The  inland  waterways  system  of  the  United  States  as  it  exists  today  has 
a number  of  problems  associated  with  near-capacity  traffic  conditions.  In 
many  places  on  the  Mississippi,  Ohio,  and  Missouri  Rivers  and  their  navigable 
tributaries,  there  are  serious  impediments  to  the  free  flow  of  waterborne 
commerce.  This  study  was  conducted  to  determine  the  potential  for  more  effi- 
cient utilization  of  existing  inland  waterai^ays  resources  and  facilities  as  a 
possible  alternative  to  heavy  investment  in  major  construcuion.  The  study 
v/as  based  on  distribution  of  a questionnaire,  meetings  and  discussions  with 
the  Civil  Works  Task  Group  for  Inland  Waterways  Systems  Analysis,  and  visits 
to  Corps  of  Engineers  Civil  Works  offices  and  river  sites  by  the  author. 

The  inland  waterways  system  is  an  intimate  interweaving  of  three  signi- 
ficant subsystems:  the  physical  watenway,  the  towing  industry,  and  the  com- 

modities. These  subsystems  and  their  interrelations  are  discussed  in  detail 
herein.  It  was  determined  that  there  are  a number  of  areas  of  potential  for 
improvement  in  the  inland  waterways  system.  These  areas  involve  such  items 
as  changes  in  operating  procedures  of  the  locks,  revisions  of  the  operating 
rules  for  towboats  approaching  and  using  locks,  staffing  considerations, 
additional  assistance  at  heavily  trafficked  locks,  and  other  such  factors. 

'he  following  two  examples  illustrate  possible  improvements.  The  study  of 
the  Welland  Canal  in  the  Canadian  portion  of  the  St.  Lawrence  Seaway  was  a ^ 

most  productive  effort.  Through  improved  management  of  both  the  lock  system 
and  the  shipping  in  the  canal,  major  investments  were  delayed  v;hile  signifi- 
cant increases  in  ship  passage  were  realized.  Also,  at  the  industrial  canal 
in  New  Orleans,  Louisiana,  and  in  recent  tests  at  Lock  and  Dam  26  on  the 
‘■'ississippi  River  near  St.  Louis,  Missouri,  the  use  of  c -:tra  towboats  to 
assist  long  tows  through  the  locks  was  very  productive.  In  the  '.ock  and 
Dam  26  tests,  an  estimated  $100,000  in  time-saving  benefits  was  realized  by 
the  towing  industry  for  a $26,000  cost. 

It  is  concluded  t?iat  there  is  considerable  evidence  that  sirnificar.tly 
'i:ore  traffic  can  be  i)assed  through  our  inland  waten-.'ays  system  through  the  i 

medium  of  nonstructural  or  low  cost  modificaticns  in  operating  rules,  lock  j 

operations,  and  facilities.  This  will  enable  the  Civil  Works  Di‘  ectoratc  to  : 

apply  capital  improvement  investment  more  effecti‘'e]y  at  the  pieces  vinere  it  1 

is  the  only  solution  while  materially  increasing  our  capability  to  pars  in-  j 

creased  traffic  at  other  locations  for  considerable  periods  of  time.  J 

It  is  recommended  that  the  Office,  Chief  of  Engineers,  actively  pursue  i 

the  concept  of  nonstructural  or  low  cost  improvem.ents  ir  lieu  of  major  cen-  5 

struction  prior  to  major  investments  at  any  given  location.  The  eff  ••'t  cf  H 

ary  improvements  should  be  evaluated  with  regard  to  that  location  an ; also  i 

with  regard  to  other  locations  under  the  systems  concept.  I 
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POTENTIAL  NONSTRUCTURAL  OR  LOW  COST  WAT'ERWAYS  SYSTEM  IMPROVEMENTS 


I. 


I.  STATEMENT  OF  THE  PROBLEM 

The  inland  waterways  system  as  it  exists  today  has  a number  of  prob- 
lems associated  with  near-capacity  traffic  conditions.  In  many  places  on 
th.e  Mississippi,  Ohio,  and  Missouri  Rivers  and  their  navigable  tributaries, 
there  are  serio\is  impediments  to  the  free  flow  of  waterborne  commerce. 

This  study  pertains  to  the  potential  for  more  efficient  utilization  of 
existing  inland  waterways  resources  and  facilities. 

:i.  ASSUMPTIONS 

A.  Federal  funds  will  not  be  available  to  meet  all  inland  waterways 
construction  needs  sim\iltaneously.  Priorities  must  be  established  to  pro- 
vide the  greatest  return  for  the  investment  dollar  in  the  overall  system. 

B.  There  will  be  a continuing  increase  in  the  growth  of  waterborne 
commerce  for  the  foreseeable  future.  The  following  is  a summary  of  ex- 
perienced and  projected  traffic  on  the  entire  Ohio  River  as  reported  by 
Kent  in  the  J\ily  19^9  ASCE  Transportation  meeting: 


i960 

1980 

2000 

2020 

Millions 

of 

tons 

79.5 

182 

329 

531 

Billions 

of 

ton-miles 

17.7 

42 

76 

127 

C.  In  the  near  future  there  will  not  be  a major  shift  of  transporta- 
tion modes  which  would  reduce  the  quantities  of  high  volume/low  cost  ma- 
terials traditionally  moved  on  the  inland  waterways  system. 

D.  There  will  be  no  significant  change  in  the  types  of  equipment  used 
by  the  towing  industry. 

E.  Locks  will  continue  to  provide  the  change  of  level  for  waterborne 
commerce  at  dams . 

III.  FACTS  BEARING  ON  lliE  PROBLEM 

A.  At  specific  points  the  major  inla-nd  vfaterv'ays  system  is  now  satu- 
rated with  traffic.  Examples  of  this  are  Lock  and  Dam  26  at  S'  . Louis  on 
the  Mississippi  River  and  Locks  and  Dafis  52  and  53  on  the  Ohio  River,  it 
v.'as  recently  deemed  necessary  to  consider  construction  of  an  additional 
temporary  lock  at  Lock  and  Dam  53  to  pass  traffic  until  major  construction 
could  be  carried  out . At  these  and  other  locations  there  are  queues  of 
river  traffic  frequently  waiting  three  or  more  ho'urs  to  pass  through  a 
lock.  Such  waiting  times  impose  large  financial  penalties  on  the  users  of 
the  inland  waterways  system  and  ultimiately  upon  the  consuming  public. 
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Conversely,  benefits  to  the  consuming  public  and  the  towing  industry  will 
accrue  through  greater  traffic  capacity. 

B.  Recent  interest  from  the  Office  of  the  Secretary  of  the  Arry  has 
required  that  the  Chief  of  Engineers  use  the  systeias  approach  in  develojj- 
ing  and  justifying  major  improvements  or  new  construction. 

C.  There  are  approximately  6339  miles  of  existing  and  projected 
waterway  and  139  locks  between  the  Appalachians  and  the  Rockies  and  from 
Canada  to  the  Gulf  Coast,  exclusive  of  the  Great  Lakes  and  the  Gulf  Intra- 
coastal Waterways . 

D.  A St . Louis  District  test  at  Lock  and  Dam  26  resulted  in  an  esti- 
mated $100,000  benefit  to  the  industry  while  passing  the  largest  monthly 
tonnage  of  record.  The  total  cost  was  $26,000  with  no  construction  or 
alterations  effected. 

IV.  Discussion 

A.  General.  The  inland  waterways  system  is  an  intimate  interweaving 
of  three  significant  subsystems:  the  physical  waterway,  the  towing  indiis- 

try,  and  the  commodities. 

1.  The  physical  waterway  is  the  river  and  canal  system  upon  which 
waterborne  commerce  navigates.  It  consists  of  natural  and  improved  sec- 
tions with  dams  and  locks  throughout  major  portions  of  ohe  system..  Water- 
way capacity  for  traffic  is  a f'onction  of  the  river  cross  section;  the  re- 
strictive points  such  as  locks , sharp  bends , and  bridge  piers ; the  main 
channel  alignment;  the  tow  conf igurations ; and  the  traffic  density. 

2.  The  towing  industry  is  made  up  of  modular  units  'which  are 
either  used  in  general  bulk  cargo  hauling  of  such  items  as  coal,  grain, 
sand,  and  gravel,  or  of  equipment  which  essentially  has  one  use,  such  as 
tank  barges  for  petroleum  products , steam  heated  barges  for  sulphur  trans- 
port, and  large  barges  for  movement  of  moon  rocket  coE5)onents.  There  is 

a,  wide  variety  of  towboat  equipment  and  barge  sizes.  The  industry's  gen- 
eral tendency  at  the  present  time  is  toward  larger  towboats  and  longer 
tows,  currently  1200  ft  long  and  longer.  In  mny  cases  equipm.ent  is  de- 
signed to  fit  exactly  into  locks. 

3.  The  third  subsystem  consists  of  commodities  which  originate 
at  various  input  locations  known  as  river  ports  and  are  delivered  to  other 
river  ports,  their  destination,  or  output  locations.  Some  of  these  com- 
modities are  produced  on  the  banks  of  the  system  itself;  coal  from  Tennes- 
see and  West  Virginia  is  an  example.  Other  commodities  are  transported 
relatively  long  distances  before  they  are  transferred  to  waterborne  com- 
merce; grain  1.  rom  the  mid-Continental  United  States  for  exam^ile.  There  is 
no  cheaper  way  to  move  many  bulk  materials  than  by  pushing  them  in  a barge 
v/ith  a modern  diesel  towboat.  The  following  examples  of  coinparative 
freight  rates  were  provided  recently  by  ilr.  Richard  Waugh  of  the  Board  of 
Engineers  for  Rivers  and  Harbors: 


V ir- has trj- will 

COAL: 

Ohio  River  (370  river  mules):  3-5  to  4 mils/ton-mile 

Rail,  unit  train  (212  RR  miles):  5 to  7 mils/ton-mile 

1:.  levelcp- 

GRAIN: 

Minneapolis  to  New  Orleans  (I7OO  miles) 
Water:  2 to  3 mils/ton-mile 

Rail  (\niit  train) : 7 to  8 mils/ton-mile 

id  I jeeted 
ickic'S  and  free 
1 the  nulf  In.tra- 

Joliet  to  New  Orleans  (1200  miles) 

Water:  2.3  mils/ton-mile 

Rail  (unit  train):  4.8  mils/ton-mile 

B.  Sys' 

terns  Analysis.  In  the  sense  of  this  report,  systems  analysis 

Ited  in  an  esti- 
arges”.  monthly 
stni'^ioi.  or 

means  the  imderstanding  and  quantification  of  the  interrelations  between 
various  elements  of  any  system  as  well  as  the  broad  spectrum  approach  to 
all  parts  of  the  problem.  Insights  iraist  be  gained  as  to  the  effect  of  a 

change  in  one  portion  of  the  system  on  all  other  parts  of  the  system  and 
in  particular  the  changes  at  several  locations  as  they  interact,  Tradi- 
tiona]  methods  must  be  reevaluated  and  modern  technology  must  be  applied 
to  all  parts  of  the  problem,  the  people  as  well  as  the  things . 
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C.  Waiting  Lines.  The  towing  industry  is  now  subjected  to  serious 
ielays  at  several  points  on  the  waterway  system,  and  more  severe  problems 
are  anticipated  in  the  not  too  distant  fut-ure.  Waiting  lines  are  an  irri- 
gating fact  of  life  frequently  imposed  at  auto  toll  booths,  detours,  su- 
permarket checkout  counters,  public  i)hone  booths,  and  many  other  locations 
where  service  is  desired.  Queuing  theories  developed  from  the  fields  of 
statistics  and  operations  research  have  given  some  insight  into  the  nature 
of  the  waiting  problem.  As  arrival  times  (time  between  successive  appear- 
ances of  the  next  customers)  approach  service  times  (e.g.  time  required  to 
be  checked  out  at  the  supermarket),  -waiting  lines  build  up  -with  consequent 
delays  and  opportunities  lost  by  the  customer  in  the  waiting  line. 

The  standard  method  of  stud^'ing  these  pr-iblems  is  through  steady 
state  approximations  of  these  usually  d-ynamic  situations.  Vlhere  there  is 
a waiting  line  and  a continuing  supply  of  custoriers  arriving,  steady  state 
approximations  are  often  valid.  Detailed  studies  and  subsequent  ch?,nges 
in  service  operations  have  often  resulted  in  a significant  reduction  in 
both  the  waiting  time  and  the  length  of  the  waiting  line  as  a result  of 
only  a small  decrease  in  service  time.  These  rather  small  service  ti:ne  re- 
ductions often  are  magnified  into  significant  improvements  as  far  .a.s  the 
-waiting  customers  are  concerned.  A simplistic  example  of  these  principles 
Is  presented  in  figs.  I5-A-2  and  N-A-3  on  pages  W-A-t  and  K-A-J.  As  can  be 
seen  in  fig.  II-A-2,  for  an  arrival  rate  of  17  tows  per  day,  a service  time 
^ i.e.  time  required  to  pass  a tovi  throu^  the  lock)  of  64  minutes  results 
in  an  average  -waiting  time  of  approximately  200  minutes . A decrease  in 
.-ervice  time  of  approximately  10  percent,  to  58  .minutej  , reduces  the  aver- 
age -waiting  time  to  126  minutes,  an  average  saving  of  '^4  minutes  for  each 
tow  in  the  waiting  line.  This  is  a 37  percent  redu-ticn  in  delay  for  each 
to-w.  Further  examples  are  shown  in  table  N-A-2  on  page  R-A-3-  A sixty- 
four  percent  reduction  in  waiting  time  for  each  tow  covtLd  be  realized  for  a 
22  percent  reduction  in  service  time  under  the  given  example  conditions. 


The  Inl’or.T/xtion  presented  here  is,  hs  merit iorif-d 
*. ie  ex.'imple  ‘'I'/cr;  to  iemoriolrate  the  pjoteiitial  Eaviripc  e 
relatively  Err.'il-  reductions  irr  scr'/i're  iLme.  At  a rahf- 
atinc  houi'  I'or  a 'lOOO-'norseiJOvrer  ter.-.’  -.■rlth  narpes,  s 

-'/irr  be  realized  at  busy  locations,  duch  savir-ips,  el  ".u 
tlve  ir.  that  they  do  s.ot  rellect  the  Irxrove.mer  • s Ir.  s 
tiir.es,  'Uid  capability  r'or-  mere  rour.d  'rlr.s  v.-hicr.  ultir.'.'^t 
consumer. 


'Idle  intensive  stud;,'  of  such  itactor: 
closely  rel.ated  lock  locations  in  the 
nave  also  led  to  ver;^  sip-riif icuit  savir.ps  's 
a result  of  these  typjc  studies,  the  V.'cllar;! 
increased  traffic  in  the  period  I'>-f-l  ■ v.-j 
locks  was  in  progress.  In  an  extre.c.e  ^ase, 
p3j000,000  could  accrue  to  the  shippir.r  ind 
if  itodified  riclc.c  v.'ere  apT-'lied. 


D . Potential  VJaterway  Improvements.  !'■.  t ra 
to  meet  a heavy  traffic  problem  vritl.  new  constru 
construction  is  completed,  there  is  often  a trar. 
lem  from  one  location  on  the  syste.'.c  to  cjiother. 
pressure  point  ii;  the  waterborne  comr.'.erce  bloods 
.ment  for  more  construction.  If  this  traditional 
approach  is  follo'wed,  the  gro’v.th  of  botr.  indust r 
eery  expensive  facilities  construction  is  ■u:".a’.''ci 
Dam  26,  for  instance,  at  3t.  Louis  will  cost  abcu 
projects  of  t.nis  magnitude  'Will  be  required  thro 
.ne'w  construction  is  considered  as  a scl'itior. . 1 

as  Lock  and  Dam  26  could  be  delaved  ’..lO'cll  'ead  + 


There  is  considerable  evidence  that 
cost  system  i.mprovements  may  lead  to  siniifii 
pass  more  tonnage  vnthin  the  existing  system 
improvement  in  passing  more  tonnage  thro'ogh.  : 
proving  hydra'olic  operation  of  the  lock  it.se! 
."itaffing  at  -a  lock  car.  lead  to  faster  cycles 
';he  tonnage  passed. 


Of  considerable  signiiicance  is  a recent  test 
Louis  District  at  Lock  and  Dam.  2c.  Wren  long  tows 
uraditional  practice  has  been  to  split  the  tew  into 
each  part  through  the  lock,  and  then  reassemble  th 
e lock  area.  Significant  reductions  in  delays  h.avc 
laving  a locally  available  errtra  towboat  assist  a Ic 
•on  up  and  reassembled.  The  towboat  operates  sorae’wh 
•ne  in  a railroad  yard.  The  coot  of  the  St.  Louis  D 
.met}:od  of  operation  was  approximately  226,000  over 
1,000  -worth  of  benefits  t.o  the  to-winr  industr;,-  and  t 


The  information  presented  here  is,  as  mentioned  above,  a simplis- 
tic example  piven  to  demonstrate  the  potential  savings  available  througi: 
relatively  small  reductions  in  service  time.  At  a rate  of  $&0.00  jier  oper- 
ating hour  for  a 3000-horsepov/er  tow  with  nine  barges,  sigjiificant  savings 
can  be  realized  at  busy  locations.  Such  savings,  of  course,  are  conserva- 
tive in  that  they  do  not  reflect  the  improvements  in  sched-oling,  delivery 
tim.es,  and  capability  for  more  round  trips  ’..’'hich  ultimately  benefit  the 
consumer. 


The  intensive  study  of  such  factors  and  the  interaction  betvreen 
closely  related  lock  locations  in  the  Welland  Canal  anc-.  the  Panama  Canal 
have  also  led  to  verj^  significant  savings  and  capacity  im.provements . As 
a res\ilt  of  these  type  studies,  the  Vfelland  Canal  was  able  to  pass  sharply 
increased  traffic  in  the  period  1965- -968  while  major  rew  construction  of 
locks  was  in  progress.  In  an  extreme  case,  savings  of  I5OO  minutes  or 
$3,000,000  coilLd  accrue  to  the  shipping  industr;;,-  using  the  V/elland  Canal 
If  .modified  males  were  applied. 

D.  Potential  Waterway  Improve.ments . A traditional-  approach  has  been 
to  meet  a hea\"y  traffic  problem,  vrith  nev;  construction.  However,  as  new 
construction  is  completed,  there  is  often  a transfer  of  the  traffic  prob- 
lem from  one  location  on  the  system,  to  , another.  This  then  creates  a new 
pressure  point  in  the  waterborne  comm.erce  bloodstream  and  a nev,’-  requlre- 
.ment  for  more  construction.  If  this  traditional  construction- oriented 
approach  is  followed,  the  growth  of  both  industr;;^  and  commerce  is  such  that 
,'ery  expensive  facilities  construction  is  unavoidable.  The  new  Lock  and 
lam.  26,  for  ir.stance,  at  St.  Louis  v;ill  coso  about  $245,300,000.  Many  other 
projects  of  this  .magnitude  v^ill  be  required  througliout  the  syste.m.  if  only 
-lew  construction  is  considered  as  a solution.  Each  year  that  a project  such 
as  Lock  and  Dam  26  could  be  delayed  would  lead  to  a saving  of  $16,500,000, 
or  an  opportvccity  to  apply  that  amount  to  a place  where  i.mmediate  construc- 
tion has  been  found  by  syste.m.s  analysis  techniques  to  be  the  opti.m.ur. 
solution. 


There  is  considerable  evidence  that  either  nonstructural  or  Icnv 
cost  system  improvements  .may  lead  to  significantly  increased  capability  to 
pass  more  tonnage  within  the  existing  system.  An  example  of  this  is  the 
l.mprovement  in  passing  m.ore  tonnage  through  locks  at  sc.me  locations  by  Im.- 
proving  hydraulic  operation  of  the  lock  itself.  In  other  cases,  increased 
.staffing  at  a lock  can  lead  to  faster  cycles  and  a resultant  increase  in 
“he  tonnage  passed. 

Of  considerable  significance  is  a recent  test  conducted  by  the 
ft.  Louis  District  at  Lock  and  Dam  26.  li/hen  long  tows  appear  at  the  lock, 
the  traditional  practice  has  been  to  split  the  tow  into  two  or  three  parts , 
pass  each  part  through  the  lock,  and  then  reasse.mble  the  tow  in  the  imme- 
diate lock  area.  Significant  reductions  in  delays  have  been  accomplished 
by  having  a locally  available  ejrfcra  towboat  assist  a long  tow  as  it  is 
broken  up  and  reassemibled.  The  towboat  operates  somev/hat  like  a switch 
engine  in  a railroad  yard.  The  cost  of  the  St.  Louis  District  test  of 
this  method  of  operation  was  approximately  $26,000  over  a one-m.onth  period; 
$100,000  worth  of  oenefits  to  the  to’.^in'  industr;,-  and  the  commodity  system 
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were  realised  by  olindnatinc;  several  hours  of  delay  for  835  tows.  In  es- 
sence, t'ae  reduction  of  a double- lockuce  tow  tinie  from  an  average  of  90 
■linutes  to  oO  minutes  for  its  tv/o  indej'endently  powered  parts  restilted  in 
the  largest  passage  of  tormage  ever  for  a similar  period. 

.^uiother  exain}.le  of  a nonstructural  irqjrovement  has  been  the  es- 
.ablislcnent  of  an  o])erating  rule  such  that  when  waiting  lines  of  towboats 
form  fro.m  both  directions,  the  lock  is  operated  in  one-way  traffic  for  a 
’ivei.  number  of  tows  ruid  then  the  other  direction  for  a given  number  of 
tows.  I'hoiig;.  this  appears  to  be  waasteful  since  the  lock  must  be  filled 
without  a tov.'  in  it  (the  dowaistream  tra.ffic  is  being  passed  v/hile  the  up- 
stream traffic  wc-its),  there  is  a considerable  time  saving  due  to  certain 
‘.baracteristics  of  floating  craft.  The  susceptibility  of  tov/s  to  the 
influence  of  the  current,  the  stern  steering  characteristics  of  water 
craft,  ai.d  the  great  length  of  the  moderr:  tows  make  it  easier  for  one  tow 
.0  follow  another  in  line  than  to  have  two  opposing  tows  pass  each  other, 
rherefore,  the  so-called  "three-up  ax;d  three-do’wn"  rule  allows  three  tows 
.•aoving  in  oiic  direction  to  move  through  a lock  in  a shorter  period  of  time 
tl.ai'.  can  the  s.aiae  r.\u:iber  of  tows  that  m.ust  pass  each  other  in  opposite  di- 
/■ections.  This  operating  rule  lias  been  applied  in  a number  of  locations 
_n  the  past  few  ye.ars  and  is  a departure  from  the  tradiuional  first  arrive- 
first  through  rui.e. 

Examples  of  other  changed  operating  rules  to  permit  faster  or 
more  .maneuverable  equipment  to  pass  througi;  first,  resulting  in  overall 
_nprove::ierit  in  commerce  of  a v.^aterv/ay,  cj/e  available  in  a V'elland  Canal 
"eport  prepared  in  19->5  by  A,  M.  Luce  and  F.  S.andor.  Thus,  it  is  seen 
shat  it  is  not  necessary  to  build  now  .major  structures  in  over;-  case  to  be 
able  to  Tiass  more  tonnage  through  a given  part  of  the  system.. 

It  m.ust  be  recognized  that  in  some  locations  corrents,  eddies, 
.maneir.^er  room,  and  other  physical  factors  lim.it  the  possible  opportunities. 
At  Lock  and  Dam  26  near  St . Louis , the  norfhern  ap-'proach  to  the  lock  is 
■"cry  restrictive  due  to  a projecting  rivorbaiik  with  a grain  elevator  docl:. 
Triough  nonstructural  potentials  are  god,  the  basic  lock  location  is  poor 

р. nd  there  wall  always  be  an  approach  tiiie  venalty  of  seme  sort  -sr.der  the 
best  of  conditions . Zoning  ml, [Jit  have  prevented  the  grain  elevator  cen- 
•struction  but  the  riverbank  pro.jection  -would  still  be  a prcble.m. 

There  is  considerable  evidence  that  imi;roved  cooperation  ^;.d  co- 

с. dination  should  be  e.cpected  -within  and  between  Corps  of  Engiro- ^rs  e'’e- 
'.ents.  Ixamples  have  been  cited  of  locks  being  opc rated  under  : rocedu-^’ns 
c..a.rgerouG  to  mo\/s,  local  changes  in  hydraulic  op  erating  methods  ."c -■'Jltii.g 
i;i  severe  stresses  on  valves  and  structirral  com.ponents , and  la-'k  of  c ru- 
ing of  such  problems  for  technical  review.  These  items  are  s;:;.ptcmiatic  of 
inadequate  Corps  internal  coram/snication  and  coop^: ’aticn.  In  par-^  ’ c’.iiar . 
the  apparent  lack  of  co.mmunication  between  operaV.ons,  engineerirg,  -'lan- 
ring,  and  construction  elements  of  the  Districts  often  'los  led  to  evsremely 
defensive  attiuudes  when  changes  or  improvo.mcnts  have  baeu  proposoo..  The 
talented  and  dedicated  personnel  of  the  Corps  can  io  much  better  than  in 
come  past  instances . 
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Corps  operating  improvements  combined  with  rule  changes  and 

;yst(fm  aiid  local  benefits 
When  first  ajjproached  about 

many  District 


industrj’'  advancements  could  result  in  significarr 
when  they  occui-  sequentially  at  busy  lock! 

lo\>ring  industry  or  Corps  of  Engineers  operating  rxile  changes, 
personnel  seem  to  take  the  attitude  that  the  towing  industry  will  not  co- 
operate or  that  changes  carxnot  be  made.  Experience  has  shown,  however, 
that  at  several  locations  where  problems  have  arisen  (n,nd  good  communica- 
tions exist  between  the  Corps  and  tho  towing  industry)  sifyiificant  im- 
provements have  been  acconqilished  througli  ind\m;try  and  Corps  cooperation, 
llie  Welland  Canal  study  again  is  an  outstanding  example  of  cooperation  OC' 
tween  an  operating  staff  and  the  shipping  industry  'which  resilted  in  ir.any 
more  ship  passages  per  season  for  small  investjnents . 


'otential  Industry  Improvements.  Examples  of  potential  iinprove- 
also  available  in  the  towing  ind''jstry.  At  a number  of  locations 
iblc  to  see  a significant  movement  of  empty  barges  in  botli  direc- 
' a proportion  of  the  traffic  is  empty  barges,  then  commodity  flow 
iroved  through  encouraging  the  towing  Industrie  to  revise  its 
: or  to  share  more  of  its  equipment.  This  has  been  standard  rail- 
ice  for  many  years.  Obviously,  if  all  tows  that  pass  a given 
^ain  loaded  barges  whereas  in  the  past  some  were  empty,  the  ton- 


There  are  some  equipment  improvements  which  have  become  available 
in  recent  years  that  can  significantly  improve  the  towing  industry's  abil- 
ity to  maneuver  through  ti^t  places.  Examples  of  these  are  radar  for 
poor  weather  movement,  larger  tov/boat  engines  for  increased  control  and 
maneuverability,  addition  of  so-called  "bow-steerers " which  are  small 
propulsion  units  at  the  bow  of  a tow  that  increase  the  tow  maneu'verability 
and  many  other  items.  The  Lower  Mississippi  traffic  can  tie  up  for  the 
few  days  a year  of  severe  fog  in  that  area,  but  other  2'ontions  of  the 
waterway  are  not  so  fortunate  with  regard  to  vreather  delays. 


There  is  considerable  evidence  that  improvements  in  the  training 
of  river  pilots  would  lead  to  Improved  operations.  There  are  examples  of 
forward-looking  towboat  companies  which  hire  and  use  e:-'tremely  well  quali- 
fied pilots;  such  companies  also  tend  to  use  to'wboa.ts  equipped  -with  .n.odern 
communications  equipm.ent.  Their  tows  frequently  move  into  and  through  loci- 
systems  much  faster  than  others . 


The  towing  indtistry  has  benefited  from  the  disappea.ran.ee  of  com- 
.mercial  passenger  traffic  from  the  rivers.  Legislation  provides  that  com- 
mercial passenger  boats  have  lock  priority  over  all  co.mmodity  traffic,  nnd 
tows  often  had  to  wait  while  passenger  boats  utilized  lock  facilities  in 
past  yea,rs . 


There  appe-ars  to  be  considerable  realization  by  the  indus.tr;>''  that 
new  approaches  to  traffic  improvements  arc  necessary,  and  that  there  must 
be  better  cooperation  among  'themsej.ves  as  well  as  with  Corps  agencies  if 
the  inland  'watervaj.'s  are  to  continue  to  serve  as  an  important  element  of 
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; he  national  ararisportatiun  system.  T};is  realization  should  also  provide 
a new  elimi.itc  of  cooperation  which  miflct  non  have  been  possible  under  the 
conditions  of  l^j  or  20  years  n^.o.  In  addition,  there  have  been  many'  im- 
rrovemonto  and  chanties  in  tiie  Cories  operating;  policies  v/hich,  when  com- 
bined wLt,h  industry's  improved  understanding  of  the  problems,  may  lead  us 
*o  si[niific:uit  nonstructurfil  imjjrovemer.ts  Instead  of  new  construction. 

Of  priraaj:'y  interest  to  any  segment  of  the  inland  waterways  system 
is  the  f'ost  of  improvements  or  changes,  ;uid  'who  v;ill  j)ay  for  them.  Very 
'areful  consideration  sliould  be  given  to  the  cost  application  aspects  of 
any  recommended  change  or  i.mpi-ovement . In  some  cases  it  may  be  found  that 
Industry's  refusal  to  accept  a small  additional  cost,  such  as  for  "bov/- 
steerers"  tc  be  used  in  a difficult  api'roach  or  reach  of  the  river,  could 
rcs\ilt  in  a very  large  public  e.xpenditiire  through  major  construction  of  a 
new  lock  or  approach.  Ihe  effect  here  is  that  of  subojtimization,  the 
s’lnijrlsing  of  one  function  (cost  of  operation  by  industr;/)  within  exces- 
sively narrov.'  restraints  (industry  costs  only).  There  is  a great  danger 
of  being  trapped  into  Inefficient  investments  by  such;  considerations. 

F.  Potential  Commodity  Flow  I.mprovemcnts . An  extreme  example  of  a 
nonstructural  change  vfould  be  the  deliberate  transfer  cf  cargoes  to  other 
.".odes  of  transport  to  temporarily  alleviate  particularly  troublesome  con- 
ditions in  a ."iven  location.  This  .might  be  likened  to  a major  detour  in  a 
highway  syste.":.  This  is  obviously  ’cnacceptable  to  the  towboat  operator 
v.ho  v/ould  lose  his  business.  It  must,  however,  be  considered  as  one  of  the 
reasonable  alternatives  to  an  unusually  large  investment  at  a given  time 
or  place  when  the  sysstem  is  considered  ir.  terms  of  national  values  and 
costs  to  all  consutr.ers  and  taxpay'ers. 

There  does  not  appear  to  be  .much  opportunity  for  commodity  flow 
adjustments  under  this  ty^e  of  study,'. 


cos 


G.  .Applicability  of  Improvements . Fotential  *:onstructural  or  low 
improvem.ents  discussed  herein  can  be  divided  into  categories  of  i.m- 
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U.  study  and  improve  lock  operations  to  gain  all  of  the  time 
possible  at  busy  locations. 

5.  Use  existing  lock  simulation  models  to  evaluate  potential  im- 
provements and  identify  best  areas  :'or  imj/roveraent  studies. 

6.  Establish  special  traffic  control  areas  to  provide  total  river 
area  control  in  the  most  restrictive  traffic  locations. 

Longer  term  applicability: 

1.  Centralize  and  automate  controls  to  improve  lock  operations 
and  trade  automation  cost  for  staffing. 

2.  Provide  tie  up  cells,  approach  v;alls,  current  i;q,rovement 
dikes,  debris  protection,  and  other  low  cost  structures  at  selected 
locations . 

3.  y^ake  system  intei-action  evaluations  of  delv  reductions  to 
measure  impact  on  other  locations . 

Require  improved  maneuveraoility  rf  tows  in  restricted  ap- 
proaches or  diffic’olt  reaches  • 

5.  Require  training,  licensing,  and  navigation  aid  liriprove-nonts 
of  the  towing  industry . 

V . CONCLUSIONS 

Nonstructural  improvements  are  pow^erful  alternatives  to  ircaediate 
hea\o''  investment  for  many  locations.  In  the  present  situation,  v.'it'r. 
shortages  of  a,vailable  Federal  fur.ds  to  be  applied  to  the  inland  water- 
ways , a thorou^  study  will  identify  those  areas  where  ncnstrucoural  or 
low  cost  changes  may  be  adequate  for  tiie  projected  traffic  increases  over 
a considerable  time  frame.  We  should  be  able  to  improv'’’  our  allocation  of 
resources  to  those  locations  v/hlch  need  immediate  const:-uction  while  using 
nonstructural  improvements  to  keep  the  remainder  of  the  system  viable . 

This  study  of  the  nonstructural  alternative  improvements  in  the  inland 
w'aterways  system  leads  to  the  distinct  concl’asions  that  • 

A.  Nonstructural  improvements  have  already  had  sifpiif leant  localized 
effects  for  improved  passage  of  waterborne  commerce. 

B.  There  is  a potential  for  greater  improvements  in  the  passage  of 
waterborne  commerce  through  t’urther  systerawade  and  local  study  and  appli- 
cation of  these  principles. 

C.  The  systems  approach  should  be  applied  to  the  analysis  of  such 
changes  to  assess  what  low  cost  actions  would  be  most  beneficial  locaJLly 
and  systemv.'ide . 
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To  earrt\  out  the  objectives  of  this  portion  of  the  study  it  is  recoin- 
r.ended  that : 

A.  The  Director  of  Civil  Works  expand  this  study  of  possible  nonstruc- 
t ural  iinproveinents  so  that  these  types  of  improvements  may  become  a standard 
part  of  the  operating  and  management  system  for  the  future.  Improved  coop- 

ration  between  functional  staffs  and  various  elements  of  Corps  agencies  is 
necessary  for  these  concepts  to  work  well . 

B.  Any  proposed  nonstructural  change  be  evaluated  in  teriits  of  its 
i.mpact  on  the  system  as  well  as  the  locality  where  it  may  be  imposed.  The 
i.mpact  of  such,  changes  can  best  be  evaluated  at  the  present  time  through 
the  use  of  si.mulation  models  discussed  in  other  parts  of  this  study. 

C.  The  Directorate  of  Civil  Works  fix  the  staff  responsibility  to  use 
and  expand  the  Corps  understanding  of  the  important  value  of  these  non- 
structural or  low  cost  type  improvements.  The  Waterways  Experiment  Station 
has  the  expertise  and  computer  facilities  for  system  and  project  type 
studies  of  this  type  in  support  of  the  Districts,  Divisions,  and  OCE. 

D.  A study  of  the  application  of  the  full  spectrum  of  nonstructirral 
factors  be  required  prior  to  major  waterways  construction  expenditures 
under  any  authority.  Lock  and  Dam  26  ir.  the  Lower  Mississippi  Valley  Divi- 
sion, Locks  and  Dams  52  and  53  in  the  Ohio  River  Division,  and  other  pend- 
ing projects  should  be  studied,  immediately. 

E.  Successful  examples  of  improvements  in  procedures  be  widely  dis- 
tributed for  potential  Corps  use  in  i'osnering  full  Corps/ industry 
cooperation. 
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APPENDIX  A:  THE  HTYSICAL  WATERWAY 


T , GENERAL 


The  physical  waterway  is  a complex  of  natural  and  improved  sections. 
Portions  of  the  Mississippi  River  flow  freely,  while  most  of  its  tributar- 
ies are  dammed  and/or  canalized.  This  part  of  the  study  will  direct  atten- 
tion primarily  to  those  portions  of  the  waterwa,y  which  have  been  improved 
or  which  contain  man-made  obstructions  such  as  bridge  piers.  Many  problems 
of  siting  of  a lock  and  dam  and  its  relation  to  the  river  are  associated 
•,d.th  items  of  major  capital  investment  and  are  discussed  elsewhere  in  the 
study.  A waterway's  traffic  capacity  is  a function  of  the  properties  of 
the  river  cross  section,  currents,  weather,  the  alignment  of  the  main  chan- 
nel, and  the  configuration  of  the  tows  that  operate  on  the  river. 

IT.  OHIO  RIVER  WAITING  PROBLEMS 

In  response  to  a phone  call  on  25  Nov  1970,  Mr.  Alan  Chandler,  Ohio 
River  Division,  provided  the  information  in  table  N-A-1  with  respect  to 
average  tow  waits  at  two  or  three  busy  spots  on  the  Ohio  River.  Informa- 
tion v/as  not  available  on  queue  lengths. 

Table  E-A-l 


lowered  in  times  of  high  flows  to  permit  relatively  open  river 
navigation.  Therefore,  these  figures  denote  number  of  days/year 
that  locking  v;as  necessar;/. 

(2)  Mr.  Chandler  said  that  these  figures  were  aver, ages  of  daily  av- 
erages and  arc  seasonal,  depending  on  flow  ernditions. 

'i"re  are  many  other  examples  of  severe  traffic  conditions  available. 
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III.  INITIAL  SUMR'^RY  OF  ST.  LOUIS  DISTRICT'S  "SWITCH  BOAT"  TEST 

Lock  and  Dam  26  has  experienced  increasing  tow  traffic  for  several 
years.  Messrs.  A.  G.  Eickhorst  and  R.  A.  Burke  reported  that  tonnage  in 
calendar  year  1970  has  been  at  least  10  percent  greater  than  that  in  19^9  • 
Many  tows  tha.t  arrive  at  the  lock  are  too  long  to  pass  through  in  one  lock- 
age. They  are  disassembled  and  locked  through  in  two  or  more  sections. 
Because  of  separation  and  reassembly  time  in  the  lock  approaches,  a long 
tow  takes  more  than  twice  as  much  time  as  two  tows  that  each  require  single 
lockage.  The  "switch  boat"  test  consisted  of  providing  an  extra  towboat  to 
handle  split  tows  through  the  locks  throughout  October. 

For  comparison,  time  delays  for  the  768  tows  passing  through  the  lock 
in  the  month  of  August  1970  are  shown  in  fig.  N-A-1 . 
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Fig.  N-A-1.  Time  delays  for  tows  passing  through  Lock 
and  Dam  26,  St.  Louis  District,  August  I97O 

The  weighted  average  delay  for  these  data  is  3-31  hours  per  tow.  Detailed 
data  breakdowns  were  not  available  for  October  at  the  time  this  report  v:as 
being  prepared  out  October  1970  had  the  largest  tonnage  passed  in  any  month 
of  record.  Conservative  interpretation  of  preliminary  test  results  shows  a 
saving  of  approximately  $100,000  to  the  industjry.  This  is  based  upon  a:: 
estimating  factor  of  $80.00  per  3000-horsopower  towboat  hour  of  operation 
with  a nine-barge  configuration.  There  were  no  waiting  lines  except  for 
one  or  two  isolated  cases  in  the  month.  The  cost  to  th-’  District  was 
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'2n,000  for  the  839  tows  assisted.  The  above  considerations  did  not  in- 
clude the  benefits  to  commodity  user  or  shippers.  It  is  further  estimated 
tjiat  over  90  percent  of  the  time,  during  the  peak  summer  shipping  season, 
lows  were  waiting  in  line  at  Lock  26. 

A complete  report  is  being  prepared  by  the  above-named  gentlemen  of 
t>ie  St.  Louis  District. 

IV.  WAITING  LINES 

An  example  of  the  effect  of  minor  changes  in  service  times  on  queue 
lengths  and  waiting  times  is  shown  in  figs.  N-A-2  and  L-A-3.  Results  are 
cased  on  assuming  Poisson  arrivals  and  exponential  ser\'ice  times  (Sasieni, 
■=t  al  . , page  133)  • 

Fig.  N-A-2  results  are  plotted  from  solution  of 


'.•.’■here  E(w)  = average  v/aiting  time  (min) 


The  equation  is  valid  only  when  u > • The  important  point  in  fig.  N-A-2 

is  that  a decrease  in  service  time  v/ill  result  in  a proportionately  larger 
decrease  in  vraiting  time.  This  proportionate  decrease  in  wait  time  will 
become  larger  as  the  arrival  rate  increases. 
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Fig.  N-A-3  results  are  plotted  from  solution  of 


E(m) 


where  E(m)  = average  queue  length 


The  equation  is  valid  only  when  p.  > k . Again,  we  note  that  a decrease  in 
service  time  results  in  a proportionately  larger  decrease  in  average  queue 
length,  particularly  at  higher  arrival  rates. 


A table  of  examples  for  sample  delay  reductions  is  given  tabic 
"-A-2  for  comparison  and  evaluation. 
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V.  STAFFING  AND  PEOFIi: 

A lock  and  dam  usually  coats  more  tlian  .f,l CX) , 000 , 000  in  capital  invest- 
ment. For  many  years  it  vms  acceptable  to  have  miramuin  staffing:  at  locks. 
Also,  it  appears' that  the  position  of  lock  master  vas  a ver;/  good  Job  in 
terms  of  pay,  authority,  and  responsibility.  It  appears  that  lock  staff irig 
has  not  kept  pace  ’.■.-ith  the  growth  in  requirera'cits , investment,  potential 
for  interruption  of  traffic,  or  dama<re  nossibil ities . An  enclosed  comment 
indicates  tiias  lock  staffing  in  one  iissrict  follows  aptroximat ely  the  same 
pattern  as  it  did  ten  or  more  years  ai7o.  hiri-jg  of  personnel  has  net  beer; 
permitted  at  a particular  lock,  though  '^xtra  positions  nave  been  authorized. 
The  allocation  of  personnel  resources  for  lock  operation  under  a full, 
traffic  condition  appears  to  need  iraprovcim.-nt  ii:  both  quant  it;/  of  aut.nor- 
ized  personnel  and  the  grade  of  the  position  ■ insure  ' :.ai  modern  ur-tc- 
date  operations  and  coordination  may  bo  carried  on.  An  alternative  ‘i  num- 
bers of  oersonnel  is  automation  and  control  central izatioi.. 


An  example  of  a breakdov/n  of  communications  is  available  in  a recen' 1;/ 
constructed  lock  in  the  South.  Model  studies  made  after  lock  construe* lor. 
showed  that  dependir.g  on  the  tow's  location  under  certain  conditions,  r.a*/i- 
gation  into  the  lock  vrould  be  *very  difficult.  This  was  reported  to  the 
District  concerned  who,  in  turn,  related  that  several  tows  already  had  r’ur. 
aground  under  these  conditions.  Upon  later  quer;/  as  to  'what  had  been  done 
to  notify  the  commercial  and  private  '.•;auerway  users  about  the  problem  area, 
it  was  stated  that  no  announcement  had  been  made  because  of  possible  ad- 
verse criticism  concerning  the  lock  location. 

It  has  been  the  experience  of  a number  of  knowledgeable  obser'.nrs  that 
a great  number  of  locks  and  their  filling  systems  are  not  operated  in  ac- 
cordance with  their  design.  Technical  personnel  making  inspection  visits  to 
several  such  projects  have  noticed  proble.ms  such  as  dan/'erous  air  blowouts 
in  water  passages , lock  chamber  surges  which  move  to’ws  "'oward  the  gates  un- 
der overstressed  hawsers,  excessive  vibrations  in  valves  and  structures,  and 
other  such  dangerous  hydraulic  p.henomena.  Considering  *;he  natural  forces 
and  volumes,  t.ae  investment,  and  the  potential  for  accic.ents,  each  lock, 
s lould  have  an  operating  procedure  prominently  displa^'cc.  before  or  n,bo*/e  the 
place  where  the  operator  handies  controls.  Such  operatin,_  guides  generally 
do  not  exist.  The  correct  sequence  of  operations  for  a vorist;.'-  of  condi- 
tions, both  usual  and  emergency,  should  be  diEplao'ed.  "'rouble  indicators 
and  the  potential  problem  oehind  them  should  be  displai'cd  so  that  emergenc;/ 
procedures  or  requests  for  technical  assistance  can  be  initiated  *when  seri- 
ois  problems  arise.  Improper  valve  operation  of  filling  s.ystems  can  cause 
d^gerous  distv.r Dances  of  tows  or  pleasure  craft  in  tlie  lock,  tratcoinr  of 
air  and  blowing  off  of  gratings,  water  hammer,  and  maip,*  other  such  petenti- 

destructive  problems.  In  particulo.r,  some  filling  systems  require  'w*cr;v* 
close  coordination  of  valve  operations  fo  handlo  large  smouiits  of  water  ef- 
iiciently  and  rapidl;/  and  for  the  safety  of  the  craft  ir.  t'ne  locks.  Sucli 
problems  are  frequently  not  recognized  or.  if  recornizec,  are  not  breugih 
to  the  attention  of  tecijiical  personnel  who  car.  provide  assistance. 
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A number  of  improvements  have  been  made  at  various  locks  which  tend  to 
reduce  the  feme  tha'*  the  lock  is  servicing  a tov7.  For  some  years,  various 
locks  have  used  a cable  assembly  to  pull  the  first  half  of  a split  tow  out 
'f  a lock,  thus  permitting  the  tov/boat  and  second  half  to  follov/  tlirotogh 
immediately  lohind.  In  locations  where  tows  longer  than  the  lock  do  appear 
iut  there  is  no  long  waiting  line,  such  devices  are  helpful.  At  locations 
such  as  Lock  and  Dam  2(  in  the  3t.  Tjouis  District,  the  gro’.vth  of  traffic 
has  overtaken  tJie  advantage  afforded  by  such  a device.  There  are  times 
vh-^n  tow  reassembly  in  the  exit  channel  blocks  an  opposite  direction  tow 
from  usir.iT  tl:e  lock,  thus  increasing  the  effective  service  time  and  prob- 
ably increasing  the  queue  length. 

inhere  heavy  traffic  conditions  occur  frequently,  it  has  been  demon- 
strated that  the  use  of  an  extra  towboat  at  the  lock  has  been  very  effec- 
ive  in  passirtg  traffic.  The  Industrial  Canal  Lock  in  New  Orleans  has  had 
an  operating  rtde  which  requires  that  the  second  half  of  a split  to’w  move 
to  the  end  of  a -waiting  line.  As  a res'ult,  the  to'wing  industry  pays  for 
■^he  use  of  an  extra  towboat  to  carry  through  the  front  half  of  a split  tow 
at  the  same  time.  In  view  of  the  experience  at  the  Industrial  Canal  Lock 
and  at  Lock  and  Dam  26,  the  use  of  an  extra  tov/boat  should  be  very 
th.oroughly  investigated  as  an  immediate  opportunity  for  large  returns  at 
small  cost.  It  is  recommended  that  this  is  properly  a towing  industry 
ch.arge  as  has  been  the  experience  at  the  Industrial  Canal  Lock  in  New 
Orleans . 


There  is  a suggestion  that  a system  of  wheeled,  movable  mooring  posts 
r.igiit  be  usetdrl  in  moving  to'ws  into,  through,  and  out  of  locks.  By  pro- 
•'iding  positive  control  to  the  tow,  the  reduction  in  time,  par-1. icularly  for 
large  tov/s,  and  tlis  consequent  reduction  in  damage  to  v/alls  and  corners  ap- 
pear to  .mai'ie  this  a -worthwhile  item  for  consideration  at  som.e  locations. 

The  effect  here  wo’uld  be  that  of  providing  cable-operated  m.iniature  locomo- 
tives such  as  those  that  assist  ships  t'-.rough  the  locks  an  the  Panama  Canal 

From  observations  of  damage  at  Lock  and  Dam  27  and  other  locations, 
there  may  be  an  opportunity  to  -improve  massage  through  a lock  by  providing 
replaceable  fenders,  energy  absorbers,  and/or  rolling  fenders  at  critical 
points  on  the  lock  -walls. 

At  places  where  recreational  craft  appear  in  considerable  quantities, 
the  introduction  of  separate  handling  facili--ies  may  be  -worth'whi.’ e . Sue;. 

* ems  could  be  canvas  slings  to  lift  the  craft  from  one  level  to  suicther, 
separate  small  locks  out  of  the  main  navigation  channel,  or  ar-  inclined 
plane  moving  lock  such  as  has  been  used  in  Europe  and  in  the  early  canal 
development  in  the  United  States.  Separation  of  recreational  traffic  from 
fowboat  traffic  -woTild  not  only  be  of  assistance  in  mevi-g  -waterborne  com- 
r-<^rce,  but  'would  also  appear  to  be  a safety  im.provemert . Again,  the  bene- 
' i-Zs  versus  the  costs  at  a given  location  .must  be  studi -;d  in  detail. 
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Locks  have  been  designed  for  many  yc;ars  with  the  idea  that  personnel 
should  visually  inspect  the  entraiice,  exits,  and  outle-.  ports  before  opei  ■ 
ating  gates  or  valves.  As  a results,  controls  in  many  places  are  located 
on  opposite  ends  of  (;00  to  1200  ft  of  lock  wall  and  sometimes  one  p-orson  : 
reouired  to  move  from  one  end  to  the  other  on  foot  or  v.'ith  scooters  to  op- 
erate the  lock.  Considering  modern  control  and  industrial  management  pro- 
esses,  it  may  be  worthwhile  to  consolidate  all  control.s  into  one  location 
and  use  closed-circuit  TV  monitors  for  visual  scanning.  The  Welland  Cana, 
improved  operations  through  this  change . 


Air  bubbler  systems  have  b.een  used  to  keep  floating  debri 
critical  locations  and  should  be  further  investigated. 


Outlet  ports  may  require  their  ovn.  TV  scanners  or  warning  devices 
indicate  '.Nrher  a small  craft  may  be  in  the  area,  or  it  may  be  economical 
relocate  the  outlet  port  to  where  it  can  be  seen  from  a control  loca* io: 
to  place  it  along  the  edge  of  the  river  where  water  craft  do  not  usual 1, 
travel . 


Another  improvement  which  offers  considerable  promise  wciold  be  tl;at  o 
automatically  controlled  cycling  of  fillin.g  and  operating  sequences, 
father  than  have  a variety  of  controls,  modern  industrial  facilities  today 
urovide  for  automatic  sensing  and  sequencing  of  steps  in  an  operation.  In 
tnis  manner,  large  valves  and  hea’ry  gates  can  be  much  more  caref’olly  and 
properly  controlled  than  by  manual  operation.  This  might  result  in  faster 
cycle  times  and  less  damage  to  lock  components.  The  cost  of  the  automated 
equipment  must  be  .measured  against  the  savings  of  decreased  personnel,  the 
benefits  to  the  towing  industry'  at  a given  location,  and  the  potential 
longer  struct^nre  life  through  safer  operation. 


II.  liAVIGATIOK  RULES 


Legislation  which  provides  the  authority  for  the  Chief  of  Engineers  to 
operate  the  inland  waterways  system  appears  to  provide  the  necessary  au- 
thority for  Division  personnel  dotm  to  the  lockmaster  to  operate  under  con- 
ditions necessary  for  the  greatest  benefit  to  all.  In  many  cases,  prac- 
tices which  were  fairly  loose  under  low  traffic  conditions  may  no  longer  be 
acceptable.  The  problem  is  in  Knov/ing  when  and  where  ■' o change  the  rules 
and  the  gaining  of  acceptance  of  the  necessity  for  change  by  the  towing  in- 
dustry and  other  water  users . 
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1‘ive-down"  r-ole  at  Verndlion  Lock  in  the  New  Orleans  District.  These  one- 
.,-ay  rules  could  also  be  modified  to  "three-up/five-down"  depending  on  wait- 
ing line  configurations  at  a given  lime.  Study  of  potential  waiting  line 
t'uildup  and  system-wide  effects  of  such  rules  is  necessary  prior  to  their 
’..se;  some  imrrovements  may  merely  shift  the  problem  and  two  or  more  locks 
may'  need  coordinated  study. 

Other  successful  examples  of  changes  in  rxiles  which  resulted  in  major 
benefits  to  the  shipping  industry  are  available  in  the  Welland  Canal 
st.udies.  Tn  the  Welland  Canal  careful  study  revealed  that  when  a waiting 
line  formed  .“or  any  reason  a slow  ship  would  impede  th<^  progress  of  many 
ships  if  it  v/ere  near  the  head  of  the  line.  Wtien  faster  ships  were  allowed 
tb.rough  the  lock  ahead  of  slower  ships,  the  slower  ship  arrived  at  its  des- 
lination  at  essentially  the  same  time  'vithout  delaying  the  faster  vessels. 
The  result  tlien  was  a greater  passage  of  -l.onnage  per  unit  time  through  the 
entire  system. 

A proposed  rule  change  mentioned  by  a number  of  people  contacted  dur- 
ing this  study'  woiild  be  to  require  a to*w  to  appear  at  an  initial  point  for 
lockage  some  distance  from  tiie  lock,  prepared  to  move  through  without  fur- 
ther chames  in  tow  configuration.  Tows  appearing  at  that  point  would  be 
lenied  waiting  "line  position  if  they  were  not  able  to  move  through  the  lock 
without  spli'-ting  the  tow,  rearranging  barges,  or  other  time-consming  mod- 
ifications prior  to  entry  into  the  lock  itself.  The  urc  of  the  switch  boat 
li;  the  New  Orleans  Industrial  Canal  Lock  and  Lock  26  might  be  necessary  for 
rapid  rearrangement  under  such  a rule.  Ohio  River  experience  shows  that 
changes  in  tow  confipurat.ion  are  frequently  made  by  many  operators  as  the 
tows  move  up  and  dowt:  the  river.  This  particular  change  of  rules  would  re- 
sult in  some  procedure  changes  in  the  towing  industry  but  wo'old  also  result 
in  a considerable  direct  benefit  to  the  industry'.  Mooring  cells  or  tie-up 
locations  may'  have  to  be  built  to  assist  in  this  sy'sten. 

Rules  could  be  developed  for  tow  size,  maneuverability',  and  arrange- 
ment such  that  arrivals  at  an  initial  point  for  a gi'ven  lock  would  gain 
priority  according  to  their  ability  to  'nove  rapidly'  through  the  lock  whe;: 
.v'aiting  lines  exist. 

Any  change  in  rules  will  undoubtedly  be  resisted  by  some  'waterway 
"asers.  Considering  our  responsibility'  to  operate  for  " he  greatest  possibl  e 
benefit,,  active  communications  and  analyses  of  conditions  should  be  made 
available  to  'waterway'  users  associations  and  the  public. 

Till.  MINOR  CORRECTIONS  THROUGH  CONSTRUCTION 

It  was  recently  noted  by  Dr.  J.  L.  Carroll  of  Pennsylvania  State  Uni- 
•.'ersity  that  Brandon  Roads  Lock  in  the  “'hicego  District  *was  experiencing 
-greatly  increased  filling  limes  because  of  debris  co’’'’ection  at  in*  ake 
ports.  These  partial  blockages,  which  often  double  locri  fillinr  ■‘‘ime,  could 
be  obviated  through  improved  staffing  or  inlet  feature  redesign.  normal 
■'’iPl  ing  time  'onder  1 5 "minutes  shou"^  d be  expected.  Again,  the  cost  of  any 


N-A-9 


nroposed  improvements  should,  be  measured  a^’;ainst  the  delays  experienced 
under  reasonably  full  traffic  conditions  at  that  location. 

At  Lock  2h  in  the  St.  Louis  District  a dike  was  constructed  upstream 
of  the  lock  v/hich  improved  greatly  tho  navigation  conditions  experienced  by 
tows  as  they  approached  the  lock.  The  dike  enabled  faster  approaches  and 
shorter  ser-vicc  times.  There  is  also  a serious  problem  with  drift  debris 
at  this  lock,  and  a 100-fi  extension  of  the  dike  is  to  be  made  to  alleviate 
this  problem.  On  the  other  hand,  t}e  possibility  of  shoaling  ,iue  to  dike 
construction  in  an  alluvial  streaju  caiinot  be  ignored  and  should  be  studied 
for  each  location  where  a dike  is  proposed. 

There  are  a number  of  locations  wher<"-  lengthening  of  app.roach  -walls 
wo’dld  enable  to'.v'boats  to  lino  up  d :-’SC  *.o  the  lock  entrance  as  they  a'wait 
their  ttir:i.  Considerable  reductions  in  sei-vice  tLme  can  be  experienced  in 
these  cases.  Come  European  locks  provide  an  offset  wai/iPig  location  close 
to  the  lock  entrance.  A flared-ani-dc  waiting  -wall  may  permit  tows  to  -wait 
close  to  the  lock  and  provide  passirig  room  for  the  exiting  tov;.  This  type 
of  waiting  imorovemont  requii es  increased  to'w  maneuverability  through  the 
use  of  bow-steerers  or  riechaiiical  devices  such  as  a s'winging  arm  fro.m  the 
lock  v/all  which  v/ould  grasp  the  tow  and  enable  it  to  move  out  into  line 
with  the  lock  entrance.  Such  changes  would  eliminate  the  three-up  and 
three-do'.-m  rules  and  permit  two-way  tov/  passage  for  each  filling  and  emr.'ty- 
ing  of  a single  lock.  The  investment  and  operating?  cost  for  this  modifica- 
tion must  be  measured  against  a -wide  variety  ol'  operati-ng  systerr.s  or  poten- 
tial improvements.  This  may  be  an  economical  improvement  in  areas  of  very 
intense  two-way  traffic. 


I 


i 
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In  other  locations,  redesign  or  reconstruction  of  locx  filling  syste.ms 
may  be  appropriate  and,  when  co.mbined  with  possible  oporati.w  and  r'uie 
cnanges,  could  postpone  large  investment  for  a nimiter  of  years. 

IX,  V/EATHER  A:JD 

Weather  factors,  particularly  in  the  v.unter,  have  a considerable  ef- 
fect upon  waterway  users,  and  a v/ide  variety  of  navigational  aids  are  used 
by  the  towing  Industry  and  other  water  craft.  There  is  some  e-/idence  t'nat 
radar  does  not  adequately  detect  bridge  piers  or  abulmients  and  f 1 oating 
debris.  Highly  reflective  radar  targets  could  be  placed  on  these  obstruc- 
tions to  improve  the  ability  to  navigate  at  that  location. 

There  may  ce  a requirement  to  designate  certain  heavily  trafficked 
reaches  of  the  rivers  or  canals  as  special  traffic  control  areas  under  pro- 
cedures similar  to  aircraft  control  areas.  By  providing  a cejitralized  con- 
trol with  shore-based  radar  displays,  it  may  be  possible  to  greatly  in- 
crease traffic  flow  during  fog,  snow,  heavy  rain,  or  otner  difficult  con- 
ditions. Conversations  with  Vicksburg  District,  operating  personnel  have 
established  t.nat  tews  presently  tie  up  in  I'.ea-vj-  fog  conditions  because  the 
few  days  of  occ-arrence  per  year  do  not  warrant  the  associated  risk  of  trav- 
eling under  s'uch  conditions.  Expected  traffic  growth,  is  such  that  this 
will  not  be  a va.lid  approach  much  longer. 
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In  some  locations  wind  has  an  adverse  effect  upon  the  ability  of  tows, 
especially  empties,  to  approach  locks.  Corrective  structural  additions  or 
revised  procedures  may  be  required.  One  such  location  is  at  Lock  and  Dam 
2 V in  the  3t,.  Louis  District;  the  lockraasl-er  lias  movies  vdiich  show  oignifi- 
.■ant  wind  effects  on  tows  entering  the  lock. 

In  some  areas,  particularly  coastal  areas,  the  growth  of  aquatic 
plants  and  weeds  may  be  a serious  hindrance  to  industrial  navigation  and 
she  evei'-incu-easing;  number  of  pleasui-e  crai't  using  the  waterv/ays.  This 
problem  is  presently  under  study  by  the  Chief  of  Kngineers. 

. coMr.iTOC.'i'T’ioiis 


.Many"  tow  operators  provide  the  latest  i-adio  equipnent  to  enable  their 
oilots  to  communicate  with  other  boats,  locks,  a.nd  por'.s.  In  addition, 
operating  crews  are  provided  with  smal'  radio  sc-'*  s to  _mprove  control  arid 
response  limes.  There  have  been  insiancer  at  locks  •■."here  an  installed  loud 
speaker  syst-cm  was  in  use  to  enable  tlie  lock  personnel  to  talk  to  the  tow 
nersonnel  that  vhien  the  system  broke  do./r.,  rather  than  ha'/ing  it  repaired 
i+  was  removed. 


As  traffic  flow  increases,  the  requirement  for  up-to-date  navigation 
aids  increases.  Improved  understandinr  of  navigation  Possibilities  and 
location  of  navigation  aids  must  re  a:i  active  part  of  the  Corps  administra- 
tion of  the  water'vays . Hero  again,  radar  targets  might  be  added  to  the 
navigation  aids  to  improve  poor  v/eather  capabilities. 

THE  GEKEFTiL  WLIC 


In  the  past  few  years,  recreational  uses  of  wateit'.-ays  have  increased 
greatly.  In  many  locations  there  is  a considerable  -..’■oekend  traffic  which 
cannot  be  ignored;  the  general  public  ''.as  a right  to  use  the  waterways  as 
well  as  the  towing  industry.  As  mentioned  before,  at  some  locations  sepa- 
rate facilities  should  be  provided  to  handle  recreational  craft.  Improved 
communication  ’with  the  boating  public  is  desirable  to  ensure  that  the 
safety  and  operating  rules  are  understood  by  all.  It  r.as  been  reported 
that  in  some  instances  craft  in  a lock  ha-re  beer,  left  ; 'jiging  by  th"ii-  'i''- 
■jp  lines  as  the  lock  -was  emptied.  Consistent  color  '■or  ng  of  the  tie-ur 

and  safety  item  should  bo  considered  such  as  a Cervs-'.  Ide  ■'ro-’-'V rl' 

navigation  tie  I'acilities  to  be  painted  green — no  tie-’upi  items  pain  £■,  r 


A small  i‘em,  but,  a distinct  hazard,  is  '.he  fisV.ir.g  activl  / in  t 
. Icinit'y  of  locks  and  dams.  Lock  discharges  car  ' e veiy  dan^  ''is  t ■> 
dividual s and  small  craft.  It  appears  to  be  ti.me  for  f general  st’Uuj  o' 
Improvement  of  hazard  protection  foat.ur '-s  for  small  sorts  to  include  physi- 
:al  restriction  from  certain  areas  and  reconsti".  c ' ior.  r revision  ■'''  outlet 
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APPKirPIX  B:  Tin-:  TCWTNG  INDUSTRY 


: . Gr'i:i'.RAL 

toviiif-  industry,  as  a private  entity,  is  somewhat  freer  than  the 
'orps  in  its  operation  insofar-  as  vhat  it  may  or  may  not  do.  Over  the 
..ears,  the  towing  industry  has  adopted  many  clianges  which  improved  its  op- 
eratio’-.s.  Th.ese  include,  for  example,  the  wide  use  of  twin-screw,  Kort- 
I'.ozzie  equipped  diesel  towboats  and  the  adoption  of  electronic  shipboard 
'.avigation  devices.  Indeed,  any  industry  improvement  which  can  reduce 
operating  costs  will  result  eitlier  in  greater  direct  profits  or  a chance 
to  improve  competitiveness  througli  lower  freight  rates.  It  snould  never 
be  felt  t;:at  an  unciianfgeable  or  best  systeiri  iias  been  found;  tliere  should 
■ilv.'ays  exist  an  opportunity  for  improvement.  This  v;ou_d  seem  applicable 
to  t;:e  towing  industry  today. 

Given  a.n  atraospi.ere  of  complete  cooperation  and  coordination  between 
t:.e  Corps  of  Engineers,  all  tow  operators,  and  all  freigiit  slilppers  using 
t..e  watorwai's , it  is  felt  that  considerable  increase  in  waterwac,'’s  capacity 
-'ould  certainly  be  effected.  But  many  possibilities  for  Increased  capacity 
•’r  I -owcr  costs  exist  entirely  witiiin  t;.e  domain  of  the  towing  industry'; 
".-.ese  possibilities  will  be  examined  first  in  the  discussion  to  follow. 

^:-r-:hDJAZ"£  iMPROVENEnr  poteiitial 

One  uset'ul  device  which  is  now  being  used  to  a limited  extent  is  t!  e 
uow  steerer  or  "bow  thruster."  These  independent  power  units  mounted  at 
h-  e head  of  a long  tow  allow  propulsion  of  t!;e  bow  in  any  direction  and 
thus  creatly  increase  t;.e  maneuverability  of  an  other\-7:’.se  somewhat  slug- 
'ish  'especially  at  slov;  speeds)  vehi"_e.  While  some  of  these  units  are 
nermanently  fixed  to  a barge  and  thereby  dictate  special  care  in  fixing 
t:.e  configuration  of  the  assembled  tow,  others  are  independent  units  and 
can  be  fairly  easily  attached  to  a foivard  barge  of  almost  any  tow.  There 
h.ave  been  various  reports  of  tows,  especially  very  lar-'e  or  underpo'.'ered 
ones,  iiaving  considerable  difficulty  i!'.  executing  necessary  locking  mareu- 
/ers . Tjarge  tows  operating  with  small  clearances  in  lock  areas  require 
very  precise  steering,  and  m.ost  tows  are  difficult  to  ■- ontrol  if  Icc'-.  ap- 
proaches and  exits  are  complicated  by  crosscurrents,  w;.nd,  or  traff  . 

In  view  of  these  problems  frequently  encountered  in  mar:euverin’'  tows  .._uu 
and  into  locks,  it  would  seem  that  bow  stee_'ers  could  be  econo” Ically  em- 
uloyed  to  a much  greater  exher.t  th.an  they  are  at  tie  present  ti-  a 5u.. 
ievices  could  a.lso  provide  the  towboat  pilot  with  a much  greed.  .c^rre  of 
cteerinr  flexibility  and  resultant  safety  when  navigating  unu.'._  oi.ier  '-.l- 
'crse  conditions  of  weather,  traffic,  cr  ch.annel  conditions,  as  we^.^  as 
■reatly  simplify  dockings  c.uL  landings. 

Flectror.ics , whic!.  are  exertin"  an  ever-increasing  influence  cn  all 
aspects  of  modern  life,  .are  becoioing  increasingly  important  to  the  owing 
'.r.dustry.  Plver  navigation  is  hampered  by  darkness  ani..  adverse  weather 
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conditions;  electronic  devices  oil'er  a means  ol'  reducin^r  navif;ational 
i'.azards,  and  difficulties  under  such  conditions.  When  properly  used,  elec- 
tronic devices  contribute  sizable  returns  in  tenr.s  of  both  sa:  ety  and  econ- 
omy. Two-way  radio  allows  an  operator's  shore  base  to  maintain  contact 
'with  the  towboats  for  emergencies  and  general  fJ.eet  coordination,  "t  also 
allows  towboat  pilots  to  intercommuijicate  and  learn  tr.e  positions  of  otner 
towboats  in  t!:eir  areas.  Echo  sounders  I'or  constant  depth  monitoring  have 
encountered  some  operational  problems  such  as  damage  to  sensor  units  fro.m 
undervrater  debris.  Given  an  eventual  correction  of  these  problems,  sue;, 
devices  may  find  much  greater  use,  especially  or.  rivers  wnere  t.ne  main 
ciiannel  is  subject  to  frequent  shifting,  l.adar  iias  become  a very  valuao^e 
aid  to  low  visibility  navigation.  Radar  in  its  presenl  forrv  ;;as  sos.e  le- 
ficiencies,  such  as  the  inability  to  dlstinguis.h  bri'ii:e  piers,  but  t;.e  ir.- 
formation  it  does  provide  can  be  very  useful;  further,  it  can  be  expected 
that  future  developmeiits  such  as  tiie  general  use  of  rauar  targets  o;.  ob- 
structions will  eliminate  ma.ny  of  the  current  sr.ortcomings . F.ate-of-swii.; 
indicators  to  monitor  rudaer  response  allow  finer  control  and  v.’-ill  probaoly 
become  ;;'.ore  important  as  tonnage  ar.d  tew  size  increase  and  necessitate  .mci-e 
precise  rudder  control.  "Auto-pilots,"  whlc.h  are  actually  merely  devices 
w.'ilch  will  maintain  a given  preset  .neading,  ;:old  great  possibilities  ii. 
terms  of  future  development.  In  tr.eir  present  form,  sue;,  devices  are 
quite  useful  on  long  straight  reaches  and  ;:ave  been  found  to  .reatly  re- 
duce fuel  usage  as  compared  to  huma.n  pilots  because  constant  course  vari- 
ations and  corrections  are  minimized. 


Previously  discussed  impro'veme.nts  are,  for  tr.e  most  part,  ones  v.';;ic;. 
can  be  adopted  by  individual  operators.  Aiiother  opportunity  for  improve- 
ment could  be  opened  up  through  greater  cooperation  among  lifferer.t  op- 
erators. Perhaps  one  of  the  most  important  gains  of  this  tiTe  couli  be 
achieved  through  more  cooperative  scheduling  and  s:;arirg  cf  equipment.  7; 
opportunity  for  this  is  evidenced  by  the  tvro-way  empty  barge  traffic  notes 
on  some  reaches  of  the  waterv/ays  system,  h'.nere  empty  targes  are  sirndlar 
in  t.hese  instances,  tliere  appears  to  be  no  reason  ot;.er  than  lack  of  will- 
ingness to  share  equijjment  that  prevents  the  moveXient  cf  only  full  bar.ces 
of  that  type  in  at  least  one  direction.  The  savinrs  in  wasted  energy-'  as 
well  as  the  resultant  share  of  .gains  to  overall  system,  efficiency  sl.ouli 
more  than  offset  any  associated  increase  in.  management  costs.  Along  wiui. 
■s;iis  general  idea  goes  the  possibility  that  a sort  of  Indusm'iy.'-v.'ide 
clearinghouse  could  be  established  to  keep  track  of  watei'ways  e quipment. 


Several  t;vpes  of  iiighly  efficient  auto:;.ated  cargo  nandlin--  equipme.- 
■have  been  put  into  use  for  handling  bulk  materials;  furtlier  a-ivances  i:' 
t.nis  area  can  be  expected.  A Hiajor  shift  to  containerization  •.-.'ithir.  t;.e 
barge  industry  can  also  be  expected,  esnecially  as  increaseu  crai.asis  cr 
nntermodal  transportation  coordination  develops.  Shipper  ouTiers;;ip  of 
barges,  especially  dedicated  equipment,  sometimes  restricts  th.eir  full  •; 
utilization,  out  this  may  be  resolved  tbroughi  cooperative  agreements . 
Another  concept  aim.ed  at  reducing  empty  barge  traffic  would  be  the  deve: 
opment  of  hybrid  equipment  types  where  ti  e .nature  of  the  cargo  pei-.-dts. 
/.s  an  example,  the  adaptation  of  some  sort  of  inflatable  bladder  would 
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uiic'V  a bai’ttic  to  transport  liquids  within  the  bladder  on  trips  in  one  di- 
nectioi.  whiic  i.auliia'  t]'eneral  drj'  cargo  otlierwise  on  tie  return  trip. 
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Tt.ere  are  maiiy  more  opportunities  for  tlie  industry  to  improve  itself 
•rri'ugn  closer  cooperation  of  individual  operators.  Assistance  in  the  de- 
‘enilnation  of  tiie  maximum  pi-actical  size  of  tows  to  be  used  on  the  water- 
■.-.'ayc  as  well  -us  reruiation  of  such  size  once  it  is  determined  might  be 
■umor.;'  h e areas  in  wnich  industry-wide  cooperation  could  effect  important 
.pi'Ove;::ent.s . rven  with  all  of  t!ie  available  electronic  and  special  de- 
vices to  sir.rli;':,'  navigation,  the  most  modern  of  towboats  is  far  from 
.■stomal ic . Av  such,  their  operation  requires  well  trained  pilots.  An 
■if'oi-vy  r t-.*'  training  of  towboat  pilots  has  recently  been  established 
-ilong  tne  As-kansas  River;  such  activities  should  be  well  supported  and 
■Micour'U-'ed . .Along  with  this  might  go  nilot  and  equipment  licensing  and 
i.aspe'-'ticn.  It  may  be  questioned  whether  the  individual  tow  operators 
•vs-oiil  1 institute  such  restrictions  as  these  upon  their  own  operations,  but 
!f  they  re^uLized  that  such  measiu'es  would  be  beneficial  to  a good  majority 
• f the  ipera^cors,  then  it  should  be  possible  to  make  a majority  of  opera- 
*crs  accept  the.m.  A logical  industry-wide  type  of  agency  to  promote 
.Teater  cooperation  ajnong  various  operators  might  be  found  in  the  American 
V.aterways  Operators,  Inc. 

t revious  discussion  has  dealt  primarily  with  improve;::ents  v;hich  require 
;‘.o  ne-.'.'  technology.  Many  of  them  could  be  applied  -with  a r.-.inii:.ium  of  special 
tlanr.ir.g  or  p.reparation,  and  few  'would  require  what  wo'uid  be  considered  a 
.major  ii.'vestir.erit  on  the  part  of  the  barge  or  to'.wboat  o’vner.  Any  in^.'est.m.ent 
ir.'vol'.'ed  in  such  itei.os  shc^uld  be  recoverable  ir.  benefits  over  a relatively 
short  t L.me . 

-I.  v-m-jut  IMPKOVhl'.EI.T  POTEIJTIAL 

jjooking  at  t.ne  not  too  distant  future,  there  are  •^e'veral  possible 
I leas  wi.ici:  should  i.mprove  the  towinr  Ind’ustry.  Suc;i  I’.prcveme:  ts  would 
require  m.ore  tit;ie  to  de^velop  asm  adopt  than  those  prsv..cus.^y  discussed 
and  ti.ey  mlr-'t  be  more  costly  and  tniis  re-.puire  a Icr.ve'^  iepreciatior. 
period  to  realiz.e  orofital;  li'*  m 'Ue  iiea  'which  wo^s.ld  seerdn.'_y  be  ivcrth- 
iie  and  hi~;.ly  profitabue  wo^ald  be  t-.e  development  o^'  a simple,  o'lick- 
operatinr,  and  universally  adaptable  coupler  for  joini  • larges.  A'v  the 
present  ti::’.e,  .moorir-"'S  an:  bar'e  couplings  arc  i;iade  by  traditicvtally 
effective  bu^  s lo'.-;  ::.etr.ods  which  are  quite  tlr’e-cons^oming  when  *ows  iii-  t 
■/C  lisassem.bled  ani  reassen.  lei.  Icsritel  or.  ai.^  si  les  of  all  1 rge.s,  t;.e 
■'.ipJin,'  devices  sug.-'ested  c'-'n-d  rresrtiy  speeu  ■- 1'  . .e  asseirbl;.  ■ d ^is- 
•i.s.se:i.bly  operations  of  tov.'s.  Consi  1-ring  t..e  t'';.e  t;.i.s  wouli..  . ave  curin' 
pickup  and  delivery  switcliing  and  particularly  ir  brea  .ing  to'.vs  for  mul- 
tiple locka(:e:;  (wt.ere  a few  minutes  sa'se  I ay  each  tow  creatly  incretsos 
lock  capacity'.',  such  devioe.5  should  prove  vastly  more  t conc.tncal 
traditional  ri<- :ing  and  lashings. 

A towpoat  system  that  has  been  'used  in  hurope  and  which  m'lght  .'ind 
'.’avorable  application  in  this  country,'  Is  tne  "autoraotit  e co'upled  unit. 

I.n  this  system,  eacn  to'w  is  propelled  cy  t'wo  inu.epen.ier.''  towboats  wuose 


controls  can  howe'/er  be  coupled  and  operated  by  a single  pilot  in  the 
inaster  towboat.  This  system  is  somewhat  more  maneuverable  than  a siri|.%e 
towboat  system  because  of  tne  spacing  between  the  two  aoats  v/hich  pus.', 
side  by  side  at  the  stern  of  the  tow.  The  biggest  advantage  in  sucn  a 
com.bination  though  would  be  the  convenience  ol  liaving  two  to’wboats  ava_l- 
able  for  switching  operatior.s.  The  tow  could  normally  be  operated  by  a 
single  pilot  who  could  be  assisted  by  special  pilots  permanently  staticr.ei 
at  locks  and  ports.  When  double  lockages  are  necessar;/,  t.he  tow  could  be 
split  up  and  remade  far  enough  fror.  t.he  lock  to  avoid  any  traffic  inter- 
ference and  tne  two  independent  parts  of  t.-ie  tov/  could  pass  through  t;.e 
lock  in  t.'ie  same  manner  as  any  single- ''oG>'.a;'e  tov;.  Thus  the  need  i’or  a 
local  switc.hboat  at  each  location  would  be  eliminated  and  tne  full  capa- 
bility of  each  towboat  could  be  utilized  at  all  times. 

In  the  area  of  long  term  industr;/  planning,  many  types  of  .-lardware 
changes  are  possible  to  reduce  costs.  Improvements  in  barge  construction 
aiia  structural  systems  can  be  expected  to  reduce  fabrication  and  mainte- 
nance costs  and  to  reduce  barge  tare  v.'eigr.ts . Special  consideration  o: 
hydraulic  and  aerodynamic  characteristics  of  barges  ma'.'  result  in  lover 
drag  forces  on  barges  and  improved  nandling  under  roug.;  current  and  •.■•'ir.d 
conditions.  In  applications  where  the  one-way  movem.enu  of  empty  barges 
is  unavoi  able,  it  may  be  possible  to  stack  empty  barges  one  on  top  of 
another  and  cut  the  waterway  area  of  t .e  tov.'  ii:  half.  A_tnou,g;.  this  wou_u 
require  complex  handling  equipment,  hydraulic  drag  wou_d  be  reduced,  and 
double  lockages  could  be  eliminated  at  m.ost  places  or;  h;.e  return  trip  cf 
tows  vriiich  required  double  lockages  in  t>;eir  loaded  configuration,  fur- 
ther increases  in  to'.vboat  horsepower  as  -rfell  as  improved  steering  and 
propulsion  methods  are  also  likely. 

The  use  of  better  traffic  monitoring  and  coordination  has  b'  er. 
mentioned,  but  in  terrp.s  of  long  range  planning,  this  concept  should  be 
greatly  expanded  and  improved.  The  progress  made  by  t;;e  railroads  in 
recent  ?/ears  in  the  areas  of  automatic  electronic  traffic  monitoring  ai;! 
control  should  sem/e  as  an  exajnple  of  some  of  the  possibilities  in  this 
area.  T;ie  future  possibility  of  fully'  automated  barge  navigation  cer- 
tainly exists:  it  m^ay  be  by  total  electronic  control  and  guidance,  cr 
underwater  rails  may  either  pliysically  f';uide  floating  craft  cr  orc’.'ide 
directional  information  to  sensors  wl.ic.-.  control  t::e  craft's  steerin'. 

Such  concepts  may  first  be  adopted  in  difficult  river  reaches  ar.l  Icck 
approaches.  Continuous  monitoring  and  updating  of  lock  operation,  flee" 
scheduling,  and  commodity  flew  could  greatly  increase  the  realised  capa:ik;. 
of  the  waterways . 

The  realization  of  any  improvement  in  watemfa,vs  operation  requires 
both  planning  and  appropriate  action.  As  is  t.he  case  in  many  iniustrier- . 
many  operators  in  the  towinr  industry  have  not  planned  and  do  not  nlan 
carefully  for  future  iTr.provement . ecq/  few  :.ave  been  sufficiently  fcr'.'.'ari- 
looking  to  fully  realize  the  potential  savinrs  possible  from  currently 
available  improveme.nts . Greater  standardization  in  ai-eas  of*  tow  in- 
c.ustry  operation,  a iriuch  nreater  el'fort  j.r.  the  area  of  long  tei"'.  plannii:  ’* 
c.nd  better  cooperation  between  elements  of  tiie  wal  '''iwr'y'  syste’  w'cull  vc* 
far  in  benefiting  the  barge  tow  industr;/  a.nd  imprevinr'  vaterweys  capacit.v. 
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Carr  (pap;e  N-F-Uo)  states  that  over  h,alf  of  all  barge  cargo  toruiage 
consists  of  petroleum  (38-,'  ) and  coal  The  remaining  cargo  includes 

primarily  rock  products,  sea  shells,  lum.ber,  grain,  chemicals,  iron  and 
steel,  limestone,  sulphur,  coal  tar  products,  soybeans,  pulpvrood,  fertil- 
izer, -uid  paper  products.  TTie  nature  of  these  cargoes  exemplifies  the 
stroiv;  attraction  of  barge  transportation  for  bulk  type  cargoes. 

Tiicre  arc  complex  problems  of  a regional  and  national  character  as- 
SL'ciatcd  vitii  co'^imodities , their  flow  t;. rough  tiie  transportation  system, 
cliipplng  practices,  port  facilities,  an  1 ])ort  competition  and  many  ctner 
important  coi'.si  derations . In  particular,  ti.e  distribution  of  commodity 
'-.ransportation  amongst  the  various  modes  such  as  rail,  waterways,  truck, 
■ini  ev'en  air  h.as  an  important  effect  upon  ti;e  inland  watervmys  system  and 
s;.e  other  tr-.insportation  elements.  This  "modal  split"  problem  is  t..e  sub- 
,'ect  of  considerable  discussion,  conjecture,  prognostication,  and  gevern- 
■".ent  regulatory  considerations.  Tnere  is  a considerable  effect  due  to  the 
seasonal  nature  of  commodity  production  by  crops  as  well  as  tlie  'weather 
e^’fects  in  the  northern  parts  of  the  nation. 

ne  advantage  of  the  inland  waterways  system  is  ti.-at  commodities  can 
’o::.e  to  almost  any  part  o'’  a rcac;;  t;.u'.  be  convenient  or  economical 
•d' r s.hipping.  Ir;  a sense,  portions  01'  t;.e  rive^  systems  may  be  considerei 
to  be  linear  port  systems;  this  means  t:.at  levelopment  of  port  facilities 
need  not  neccssaril;.'  be  concerdrated  ir.to  a :'cw  nignly  congested  locations 
r.  t.ne  otner  nanr , ■.ere  could  be  disadvantage  in  use  of  a sprawlin'  type 
ie'.'elopment  up  and  iovm  t;ie  water.'/ays  causing  serious  congestion  due  to  a 
-.uitipllcity  of  port  ar.i  docning  facilities  and  tne  consequent  siovdov.T. 
f traffic  ir.  such  areas,  .'iexibili t,,  of  developmc;  t -'.long  a ’wate’’-'ay 
:.ust  be  tempered  by  zoning  or  con.'"ection  considerationr  if  '■■•'e  are  to  iiave 
reasoiiably  ef^’icient  systems  for  ''ettin  - our  coim  -.o 'it  ins  to  tnc  ports  and 
'.oving  tnein  on  the  v/aterways . 

Dedicate-i  equipment  is  t at  c’luipi^e:  : 'wn-l'n;  is  der ignei  to  on 

corrmodity,  us'tally  in  one  direction.  Fe  geieu::.  preduc  s are  ; r'  .^_^  r c. 
in  tank  barges  and  very  ofteir  returne  ; e pty  . '’ont^h ri.-ed  ■y'  - ceo  arc 
new  coming  in'cc  prominence  ar  i l./M’-h  (hir:.ter  Aboard  Sh'  ..  ■ 
presently  carried  on  betireen  St.  I.<"'s  and  ..'e’w  >rlean3.  This  , "oe  01 
,'urgo  iiandling  may  briiig  co:rr;i.-itit-'.^  tc  the  ..'ater.sny  wricl.  sravele  i 

t;.e  east  by  rail  or  tr",c  ..  "ig.'es- meet . ; c "se.  : n suc:i  ; jial'isol 

- .uipment  f-^r  port  facilitie.s  and  t e cceangoj.:  . .'tsse-s  is  a ..i;  _d‘  .~i‘. 
expense.  lo  appears  that  tnere  is  'suc.*  intere.ct  in  th..s  type  :i  acti.  ity 
■ ionq  certait:  'waten'.cayc , and  It  can  bo  /xpectei  t.  :.*■  ■'.ire  expen.  .'■e  lower 
.'clume  car^'oes  'wili  :.ove  i.  h;crc  .c-iin  o^uits  -•■  ' , 01.11  ng  i, . The 

expectation  .here  is  t.,.^.it  ■i^..cse  conmo.ii'l  ' s vnli  ■ . ^ ..f'gween  largo  ...■'.dus- 
' rial  t'.'pe  ports  r.ather  t’.a?  .^rom  more  ■’■’cmoto  local.'  ‘.n.  . ,ncoir.p'.ti''ility 
fluids  !,as  been  overconie  in  ocei'.n.'oin.-'  -ani’cr.’:  tnrci..'''h  speciaj.i'zcd 
• eaning  procedures,  licwc/er,  the  twc-.  c:  transn  r'at  on  of  di  ■ ‘’erent 
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fluids  in  tan’^er  barges  has  not  been  developed  so  far.  It  is  not  expected 
that  these  considerations  vill  provide  major  changes  in  commodity  flow 
patterns  for  the  foreseeable  future  thougii  tiiere  may  very  well  be  rrovi;!. 
of  these  activities  along  with  growth  of  the  more  traditional  v/aterDorne 
commerce . 

Commodity  movements  are  often  competitive  under  different  modes  of 
transport.  In  recent  years  the  unit  train  concept  iias  become  a major  com- 
petition for  movement  of  bulk  cargoes  which  were  formerly  moved  by  water. 
If  properly  administered  througn  governmental  activities,  this  competition 
will  operate  to  keep  waterway  costs  as  lov:  as  possible.  A major  delay 
location  on  the  waten-/ay  may  ver^'  well  force  some  commodities  to  be  moved 
overland  not  necessarily  because  it  is  cheaper  but  because  the  prices  are 
close  and  delivery  scliedules  can  be  better  met.  Though  shift  of  coi.-mod- 
ities  to  other  forms  of  transport  could  be  forced  by  deliberate  lack  of 
facility  improvements  on  the  waterways,  it  is  not  considered  reasonable 
that  such  overt  policies  would  come  about.  Modal  shifts  could  very  well 
come  about  due  to  severe  constrictions  in  some  locations  where  overland 
transport  may  involve  a shorter  distance  than  round-about  waterway  routes. 

At  the  present  time  there  does  not  appear  to  be  much  opport-unity  for 
passage  of  more  tonnage  over  the  inland  vraterways  through  immediate  modi- 
fications of  the  commodity  flow  system. 
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Idiles  under  which  the  inland  watei’ways  system  operates  should  provide 
'•or  a broad  spectrum  of  benefits  to  the  'water-using  public  that  should 
oe  consistently  applied,  and  w.here  ciianges  or  options  are  required,  spe- 
cific guidance  must  be  provided.  Tne  principal  points  where  rules  have  an 
impact  on  the  towin^i;  industry  are  at  locks,  but  there  are  some  other  lo- 
cation effects  also.  Apparently  tows  are  required  to  pass  Cincinnati  at 
uDwer  speeds  due  to  the  effect  upon  smaller  water  craft.  This  type  of 
■rale  reflects  our  concern  for  the  safety  of  the  pleasure  boating  public 
.ersus  the  needs  of  the  waterborne  corar;erce  seiunent.  Lock  operating  per- 
sonnel must  nave  the  cooperation  of  the  towing  industr;,'  and  general  boat- 
ing public  to  provide  for  safe  and  rapid  transit  through  their  facilities. 
C;!ar4"es  of  rules  or  temporary  restrictions  due  to  heavq/  traffic,  ice,  bad 
'weatner,  and  other  such,  ‘'actors  must  be  made  known  to  water  users  in  every 
way  possible. 

Tow  sizes  may  vary  for  different  parts  of  a river  system,  different 
seasons,  the  facilities  available,  and  to  meet  the  needs  of  the  business 
of  moving  commodities.  In  many  instances  it  appears  that  tow  sizes  are  de- 
termined by  the  operator  and  changes  are  made  at  locks  in  a manner  which 
causes  delays  or  disturbances  to  tlie  steady  flow  of  traffic.  It  may  be 
very  desirable  in  busy  locations  to  require  ttiat  tows  appear  at  an  initial 
point  for  lockage,  prepared  to  move  through  the  lock  without  rearrangement 
of  barge  or  tow’boat  location.  This  rather  simple  Interaction  of  operating 
procedures  with  Corps  of  Engineers  responsibilities  to  pass  the  most  traf- 
fic as  rapidly  as  possible  should  be  verj’  carefully  studied  and  applied  in 
appropriate  locations . The  results  should  be  more  rapid  movement  of  the 
entire  flow  of  traffic  througli  the  lock  system  and  consequent  benefits  to 
ti.e  industry  and  eventually  to  the  consuming  public. 

Tows  should  be  provided  with  the  proper  nuiriber  of  personnel  to  enable 
tnem  to  operate  safely  through  locks,  ^or  most  tows  today,  deck  personnel 
should  be  provided  to  handle  a reasonable  number  of  lines  simultaneously 
so  that  lock  operation  may  begin  as  soon  as  possible.  Some  instances  have 
been  reported  where  one  deck  hand  must  move  up  and  dowr.  and  across  a large 
tow  to  secure  a number  of  lines.  In  many  cases  locking  operations  cannot 
proceed  until  this  tow  is  well  secured.  At  the  same  time  there  should  be 
sufficient  staffing  of  the  lock  to  pass  the  necessa,ry  lines  and  operate 
all  the  equipment  as  rapidly  as  possible.  There  must  be  a balanced  force 
to  enable  rapid  passage  of  braffic  at  the  busiest  times  though  we  may  be 
willing  to  accept  less  than  optimum,  staffing  at  slack  periods.  At  many 
locations  personnel  must  be  provided  to  man  a continuous  radio  watch. 

There  are  some  locations  vrhich  can  only  pass  the  necessary  traffic 
under  intensive  watervray  management  proced'ures.  Ih.is  procedure  would  be 
similar  to  an  air  traffic  control  area  surrounding  a busy  complex  of  air- 
ports. T:.is  intensive  management  area  ’would  have  a cei  tralized  control 
over  one  or  .’'lore  locks  and  river  entrances  to  insure  t!.at  they  operate  in 


the  best  coordination.  A system  to  identify  traffic  coming  into  this  area 
and  predict  problems  prior  to  their  occurrence  would  be  essential.  Such 
activities  as  reporting  of  positions,  changes  of  course,  and  exit  from  the 
special  area  woiild  be  required  of  tows.  Ground-based  radar  reporting 
points , entrance  and  exit  reports , and  pov/erl'ul  commiini  cat  ions  are  required 
to  make  such  centers  effective.  The  area  surrounding  Ixscks  aiid  Dams  and 
';3  on  the  lower  Ohio  River  should  be  considered  for  such  comprehensive  con- 
trol as  an  alternative  to  future  temporary  constructior  . This  type  of  ac- 
tivity may  be  applied  intermittently  in  busy  locations  when  heavy  traffic 
builds  up  or  bad  weather  appears.  It  may  'ilso  serve  tc  pass  more  traffic 
through  very  difficult  and  restrictive  reaches  of  the  rivers  not  neces- 
s.arily  at  locks. 

Most  improvements  that  are  concerned  with  tne  system  as  it  exists  re- 
quire widespread  cooperation  between  the  operating  staff  and  the  w'auer 
user.  The  best  efforts  of  one  segment  can  be  frustrated  by  a lack  of  co- 
operation or  -understanding  on  the  pai-t  of  another  segment.  This  can  occur 
in  any  human  endeavor.  It  requires  that  complete  information  as  to  tne 
necessity  and  the  alternatives  be  thoroughly  understooc. . 
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Inefficiencies  and  Potential  Nons tructura 1 Improvements 
in  Inland  Waterways  Operations 

j fODivision  Engr  Representatives  LTC  F.  M.  Anklaiti  ' 24  Sep  70 

5 Inland  Waterways  Systems  Analysis  Task  Group 


I 1.  In  the  8 September  1970  memorandum  from  BG  Groves,  I was  assigned  the  above  subject 
ij  as  my  Input  to  the  study  group  report. 


r 


2.  The  inclosed  questionnaire  is  designed  to  gather  information  from  the  Division 
and/or  District  staffs  on  the  above  subject.  Please  distribute  copies  to  appropriate 
Operations,  Planning,  and  Engineering  personnel  for  return  to  me  by  20  October  1970. 
They  may  be  collected  by  you  or  returned  directly  to  me  as  best  fits  your  situation. 
Reproduction  for  District  or  lower  distribution  is  appropriate  if  desired.  I would 
appreciate  your  keeping  track  of  responders  in  yout  Division. 
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24  September  1970 

CIVIL  WORKS  TASK  GROUP  FOR  INLAND 
WATERWAYS  SYSTEMS  ANALYSIS 


SUBJECT:  Information  Pertaining  to  Inefficiencies  and  Potential 

Nonstructura 1 Improvements  in  Inland  Waterways  Operations 


1.  The  above-named  Task  Group  was  formed  to  study  the  application  of 
systems  analysis  concepts  to  the  inland  waterways  transportation  system. 

A logical  portion  of  the  study  concerns  potential  improvements  in  areas 
such  as : 

a.  Procedural  changes 

b.  Staffing  improvements 

c.  Traffic  controls 

d.  Changes  in  lock  operation 

e.  Scheduling  of  tows  according  to  size,  maneuverability,  etc. 

f.  Improved  utilization  of  barges  and/or  towboats 

g.  Providing  tugs  or  other  assistance  to  units  too  large  for  one  lockage 

h.  Bad  weather  modifications 

i.  Equipment  improvements  for  the  towing  industry 

j.  Port  developments  and  changes 

k.  Handling  of  pleasure  crafts 

2.  Please  outline  how  the  above  nonstructural  (or  minor  expenditure)  items 
may  be  changed  in  any  way  to  better  serve  our  nation  through  an  improved 
inland  waterways  transportation  system.  The  list  may  be  incomplete,  addi- 
tional items  are  welcome  as  appropriate.  Examples  of  successful  and  unsuc- 
cessful attempts  to  improve  operations  by  these  and  other  means  are  desired. 
It  is  recognized  that  items  may  have  notential  in  one  location  but  not 
another. 

3.  Submitted  material  will  be  analyzed  and  reported  upon  for  potential 
Corps-wide  distribution  as  appropriate.  In  order  to  facilitate  correlation 
and  cross  referencing,  please  use  the  format  given  in  the  attached  appendix. 

4.  Please  return  to  LTC  Frederick  M.  Anklam,  Deputy  Director,  USA  Engineer 
Waterways  Experiment  Station,  Vicksburg,  Miss.  39180,  by  20  October  1970 
to  enable  meeting  the  Study  Group's  report  deadline.  Later  submissions  are 
welcome  but  may  not  necessarily  be  included  in  the  initial  report. 

Telephone  numbers:  601,  636-3111 

FTS:  601,  636-2592 

AUTOVON:  Through  Vicksburg  District,  733-1142 
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ENGBR(2A  Sep  70) 

SUBJECT:  Inefficiencies  and  Potential  Nonstructural  Improvements  in  Inland 

Waterways  Operations 

TO:  ETC  F.  M.  Anklam  FROM:  R.  K.  Adams,  Chief,  DATE:  lA  Oct  70  CMT  2 

Evaluation  Div.  Adams/sw/31238 

1,  On  several  occasions  during  the  last  two  years  I have  had  the  opportunity 
of  taking  extended  trips  on  towboats  at  the  invitation  of  operators.  On  one 
such  trip  I traveled  the  Upper  Mississippi  River  from  St.  Paul,  Minnesota,  to 
j Quincy,  Illinois,  and  on  another  occasion  I traveled  the  Illinois  Waterway 

I between  Starved  Rock  Lock  and  Dam,  Illinois,  and  St.  Louis,  Missouri.  The 

observations  made  in  subsequent  paragraphs  are  necessarily  generalized  since 
j I do  not  have  specific  technical  knowledge  of  conditions  at  individual  locks. 

I 2 . An  obvious  deficiency  of  navigation  on  the  Upper  Mississippi  relates  to 

j the  placement  of  locks  and  dams  at  the  wrong  locations.  These  structures  were 

^ constructed  in  the  30 's  and  apparently  little  consideration  was  given  to 

operational  problems  when  they  were  sited.  Lock  and  Dam  18  on  the  Upper 
Mississippi  stands  out  in  my  mind  as  a horrible  example.  There  was  a very  bad 
outdraft  (high  water)  that  required  the  downbound  tows  tc  flank  in,  keeping 
the  stern  close  to  shore  and  pivoting  the  lead  barges  into  the  guidewall. 

Needless  to  say,  the  approach  to  the  lock  took  considerable  time — 32  minutes 
from  the  time  we  received  the  green  light  till  we  touched  the  guidewall. 

Similar  conditions  exist  at  other  locks  and  dams  on  the  Upper  Mississippi  and 
other  waterways — the  Gallipolis  Lock  and  Dam  on  the  Ohio  River  is  another 
example.  Once  the  locks  are  sited  there  is  little  that  can  be  done  except  to 
extend  the  guidewalls,  provide  mooring  cells,  and/or  tug  assistance. 

3.  Power  winches  are  in  use  on  most  locks  for  pulling  cut  the  first  section 
of  a double.  This  should  be  a standard  requirement  at  all  locks  since  the 
recycling  of  towboats  is  time  consuming  and  therefore  costly.  Several  locks 
now  have  traveling  bits  which  are  time  saving  improvements. 

A.  For  congested  locks,  the  three  up,  three  down  procedure  seems  to  be 
working  well.  However,  no  one  really  knows  if  three  is  the  right  number.  It 
probably  should  vary  from  place  to  place  and  from  time  tc  time.  On  my  last 
trip  down  the  Mississippi  River,  we  arrived  at  Lock  and  lam  26  at  19A5  and 
became  7th  in  line.  The  lockmaster  was  using  the  three  up  and  down  system  at 
that  time.  We  locked  through  at  0530.  This  delay  of  about  10  hours  might 
have  beer,  reduced  with  a five  up  and  down  procedure. 

5.  Lock-size  tows  can  increase  the  efficiency  of  locks  to  a great  extent. 

It  is  understood  that  Lock  and  Dam  26,  Mississippi  River,  and  certain  locks 
in  the  New  Orleans  District  are  now  locking  through  the  first  section  of  a 
double  and  making  the  second  section  get  back  in  line.  Tais  should  increase 
i the  tonnage  being  locked  through  during  a given  period  and  will  require  the 

operators  to  schedule  lock-sized  tows  in  order  to  increase  their  own 
effici ency . 


ENGBR(24  Sep  70)  October  197C 

SUBJECT:  Inefficiencies  and  Potential  Nonstructural  Improvements  in  Inland 

Waterways  Operations 

6.  I was  generally  impressed  with  the  efficiency  of  Corps  personnel  at  the 
various  locks.  I cannot  think  of  any  specific  personnel  procedural  change 
that  should  be  made  to  increase  lock  efficiency.  Some  locks  use  scooters 
and  bicycles  for  personnel  movements  along  lock  walls  whiTe  at  other  loc.cs 
the  personnel  walk.  I doubt  if  efficiency  is  increased  mcch  one  way  or  the 
other — except  for  worker  morale. 

7.  We  did  not  have  any  problems  with  recreational  craft  at  any  of  the  locks, 
although  I understand  from  talking  to  the  pilots  and  locknasters  that  a 
serious  problem  does  exist  on  weekends.  It  appears  that  cur  planning  should 
give  serious  consideration  to  the  prevision  of  auxiliary  locks  or  other 
devices  for  accommodating  recreational  craft. 


8.  One  peripheral  issue  has  to  do  with  bridge  piers  and  channel  alignment. 
The  bridges  at  North  Peoria,  Illinois,  the  railroad  bridge  at  Savannah, 
Illinois,  and  the  bridges  at  Clinton,  Iowa,  all  pose  problems  for  tows 
because  of  their  positioning  in  such  a way  as  to  make  nav..gation  difficult. 
More  attention  should  be  given  for  permits  on  new  bridges  and  consideration 
should  be  given  to  alteration  of  obstructive  bridges  under  Truman-Kobbs . 


/■' 


/'/  / / 


1 Incl  RUSSELL  K.  ADAMS 

nc  Chief,  Evaluation  Dlvisicn 

Board  of  Engineers  ^or  Rivers 
and  Harbors 


Copy  furnished: 

Mr,  J,  A.  P-hodes,  OCE 


I 


’■-F-h 


•V 


r 197C 
in  Inland 


■nel  at  the 
change 
•cooters 
bcr  loc'.ts 
My  or  the 


of  the  locks, 
that  a 
Bing  should 
other 


Bllgnment. 
nah , 
ows 

fficult. 

Cslderatior 
Hobbs . 


LMNOD-NM 


DEPARTMENT  OF  THE  ARMY 

NEW  ORLEANS  DISTRICT.  CORPS  OF  ENGINEERS 
P.  O BOX  60267 

NEW  ORLEANS.  LOUISIANA  70160 

8 October  1970 


SUBJECT:  Potential  Nonstructural  Inqprovements  in  Inland  Waterways 

Operations 


Division  Engineer,  Lower  Mississippi  Valley 
ATTN:  LMVCO-0 


1.  Reference  is  made  to  letter  LMVCO-0,  dated  30  September  1970,  subject 
as  above. 

2.  Information  requested  is  herewith  furnished. 

FOR  THE  DISTRICT  ENGINEER: 


X/  W t It  A _ 

1 ^ncl  L.  BROWNLEE 

As  stated  ,l3hief,  Operations  Division 
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CHAIIOLER 
10  Nov  70 


inefficiencies  in  Inland  \/aterv/ays  Operations 


Inefficiencies  can  be  defined  (a)  as  faiUirc  to  take  advantage 
of  epportur  i t ics , (b)  as  unnecessary  input  effort  '•equirc-d  to  obtain 
the  output  received,  or  (c)  as  wastefu'  actions. 


Knowledge  is  the  prime  requisite  for  reduction  of  inefficiencies. 
Until  an  opportunity  is  noticed,  input  effort  Is  evaluated  or  waste  is 


recognised  there  is  no  reason  for  change.  Lffort  Is  the  second  roqui' 


I ^ uy  IM  / 1 1 HJ  1 vr  i nu  i 1 1 U I IV  V . u » v' » v i ^ w • >v  w . v ^ v . 

Effort  is  required  to  obtain  and  distribute  knowledge,  and  Inefficiencies 
in  v/aterway  use  can  rot  be  reduced  wilbout  effort. 


Consideration  has  been  given  to  various  kinds  of  i nef f i c ienc  ies  , 
the  DOSS ! b ; 1 i t I es  for  doing  the  work  required  to  get  and  distribute  the 
knowledge  needed  to  attack  them,  and  the  possible  national  gain  from 
expending  the  effort  required. 


The  water-ways  are  one  of  many  modes  of  transportation,  and 
transportation  is  but  one  oi”  the  factors  in  national  resource  utilisation. 
Large  a'-eas  of  opportunities,  input  effort,  and  vraste  are  o-.itside 
of  the  v.'atervjay  system,  and  liave  been  left  for  later  con io'era  t i on . 


As  a basis  for  study,  it  is  held  that  a'most  ail  'a-^.e  i -le  ff  I c i enc  ic-s 
•witiiin  Ih-e  inland  v.'a'cerway  syste.'"  have  been  el  i- >ina  t-ed.  .ker.  o 1 n I ng 
ineff iciene'es  a-c  relatively  small,  hard  to  under? land , and  difficult 
to  core,  "fhe  v;aterway  systc-r  has  been  -jnder  construction  and  in  jsc  fc>r 
over  IJO  vears,  Is  carrying  1 of  the  nation's  traffic  -nd  is  conposed  of 
end  opcra-Lcd  by  many  diverse  irlerests  who  all  have  ocen  look'nn  for 
opportunities,  profits  and  waste.  Vith’n  t'-e  water-vay  oncrator's  industry 
orovitablc  Ideas  spread  rapidly  and  major  cquipirent  charices,  such  as  the 
shift  to  the  Kortnozzic  or  larger  towboats,  occured  in  a 'ew  years. 

Federal  waterway  operations  and  r-.aintena^e  nroblcms  have  been  solved  at 
many  places,  ard  the  solutions  used  subsecuon t I y , or  the  prc>b'em  dcsia"cd 
out  of  later  projects.  . There  arc  many  ' nef I c Ienc -cs  wiv,  re  the  cure  is 
cnown  and  justif.ed,  •'  1 a c k of  tir;e  and  money  prevent  action. 


There  ;s  a -whole  class  of  inefficiencies  -n  the  in’rnd  viaterway  system 
-that  result  fro-m  separate  ownersn'o  o'  all  or  parts  of  the  resource,  l^c  v.itcrw-n 
and  the  eq-uiDmont  involved.  Large  quantities  of  cool,  oil,  chemicals, 
pass  lOcntical  Items  shipped  :n  the  oppos  I te  directions  fy  different  o-.*incrs, 

I e rm  i na  I , tev.-boa and  barge  utilization  have  similar  inefficiencies  for  t'^c 
same  reason. 
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for  the 


210  North  Twelfth  Street 
St.  Louis.  Missouri  6^101 
25  October  1979 


F.  M.  Anklan 
LTC,  CI-; 

Deputy  Director 

IVatenvay  l-xperiment  Station 

Vicksburc.  '■lississinni  .S91S0 


Dear  Colonel  Anklan: 


Inclosed  arc  responses  to  your  request  in  letter  dated  24  September  1970, 
subject ; Inefficiencies  and  Potential  Nonstructural  Improvements  in 
Inland  Waterways  Operations. 

Our  Operations  Division  has  enumerated  five  nonstructural  improvements 
while  our  Design  Branch  has  enumerated  what  may  be  considered  to  be 
minor  structural  improvements. 

If  we  may  be  of  further  assistance  in  helping  you  accomplish  your  task, 
"eel  free  to  nhone  ’Dessrs.  Burke  or  Lickhorst  at  31'' -268-.S3S5 . 


1 Incl 
As  stated 


ANSON  C.  KICKDORST 
Member,  Inland  Waterway 
Simulation  Task  Group 

T'')GER  A.  BUP.kE 
'■lember.  Inland  Waterway 
Simulation  Task  Group 


N-E-12 


N-E-13 


DEPARTMENT  OF  THE  ARMY 
ST.  LOUIS  DISTRICT,  CORPS  OF  ENGINEERS 
906  OLIVE  STREET 
ST.  LOUIS,  MISSOURI  63101 


LhBOD-NL 


7 October  1970 


SUBJECT:  Potential  Nons tructural  Improvements  in  Inland  Waterways 

Operations 


Division  Engineer,  Lower  Mississippi  Valley 
ATTN:  LMVCO-0 


Information  requested  in  multiple  letter  of  30  September  1970 
regarding  above  subject  is  attached. 

FOR  THE  DISTP.ICT  ENGINEER: 


^MES  A.  PETERSEN 
Acting  Chief,  Operations  Division 
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DEPARTMENT  OF  THE  ARMY 

MEMPHIS  OISTPICT.  CORPS  OF  ENGINEERS 
668  FEDERAL  BUILDING 
MEMPHIS.  TENNESSEE  38103 


RFFl.  Rff[R  TO  LMMOD-NN 


S - 9 October  1970 
6 October  1970 


SUBJECT:  Potential  Nonstructural  Improvements  in  Inland 

Waterways  Operations 


Division  Engineer,  Lower  Mississippi  Valley 
ATTN : LMV'CO-O 


1.  Re ference : Multiple  letter  LMVCO-0,  subject  as  above,  dated 

30  September  1970, 

2.  Information  on  nonstructural  items  for  improvement  of  waterways 
transportation  system  within  the  District  is  not  available. 

FOR  THE  DISTRICT  ENGINEER: 


\v^ 


H.  G.  HURLEY 

Chief,  Operations  Division 


'1 


DEPARTMENT  OF  THE  ARMY 

VICKSBURG  DISTRICT.  CORPS  OF  ENGINEERS 


VICKSBURG.  MISSISSIPPI  39180 


LMKOD-NP 


7 October  1970 


SUBJECT:  Potential  Nonstructural  Improvements  in  Inland  Waterways 

Operations 


Division  Engineer,  Lower  Mississippi  Valley 
ATTN:  7.MVC0-0 


1.  Reference  is  made  to  your  multiple  letter  of  30  September  1970,  sub- 
ject as  above,  requesting  information  for  reply  to  Civil  Works  Task  Group 
questionnaire, 

2.  The  Vicksburg  District  is  now  constructing  new  modern  locks  and  dams 
on  the  Ouachita-Biack  Rivers  to  replace  the  existing  six  antiquated  struc- 
tures. The  operation,  traffic  control,  and  the  handling  of  pleasure  craft 
at  the  existing  structures  have  posed  no  particular  problem.  Consequently, 
our  comments  must  be  of  a general  nature  or  restricted  to  observaticns  at 
facilities  located  outside  of  the  Vicksburg  District. 

3.  The  information  we  have  on  the  subject  matter  is  furnished  on  the 
inclosure  which  has  been  prepared  in  accordance  with  the  suggested 
format . 

FOR  THE  DISTRICT  ENGINEER: 


i inc 
as 


RUGHi  P.  ^JOHNSON 
?dAJ,  CE 

Deputy  District  Engineer 


7 October  1970 
Weterwayj 


ptenber  1970,  sub- 
U Worka  Task  Groc 


■rn  locks  aod  daau 
lx  antiquated  sera-  ' 
■g  of  pleasure  era:: 
ablein.  Conaequeit'.i 
to  observations  a; 
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DEPARTMENT  OF  THE  ARMY 

CORPS  OF  ENGINEERS 

BOARD  OF  ENGINEERS  FOR  RIVERS  AND  HARBORS 
WASHINGTON.  D.C.  20315 


IN  REPLY  REFER  TO 


ENGBR 


21  October  1970 


LTC  Frederick  M.  Anklam,  Deputy  Director 
USA  Engineer  Waterways  Experiment  Station 
Vicksburg,  Mississippi  39180 


Dear  Colonel  Anklam: 

You  will  find  inclosed  a list  of  nons true tural  improvements  that 
might  be  investigated  to  increase  efficiency  in  inland  waterway 
operations . 

I hope  these  will  be  of  use  in  your  assignment.  Nons true tura 1 
improvements  may  prove  to  be  the  least  costly  way  to  increase 
waterway  utility. 


Sincerely  yours. 


RICHARD  G.  WAUGH.  JR. 


NON-STRUCTURAL  IMPROVEMENTS 
IN  INLAND  WATERWAY  OPERATIONS 


1 October  1970 


P»ents  that 
Id  waterway 


Kructural 
|nc  rease 
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20  October  1970 

ITEM  1 - Speed  limit  regulation 

Description  - On  certain  sections  of  the  inland  waterways,  speed 
limits  are  set  to  control  the  speed  of  tows. 

Discussion  - Many  times  speed  limits  deter  the  operation  of  tows. 

For  example,  it  is  known  that  weekend  speed  limits  in  the  Cincinnati 
section  of  the  Ohio  River  are  set  to  keep  tow  speeds  down  so  that  they 
do  not  upset  the  numerous  pleasure  craft  on  the  river.  In  other  cases, 
it  seems  that  speed  limits  have  been  set  rather  arbitrarily  without  due 
consideration  of  the  effects  on  towing  economy. 

Conclusions  - Review  all  waterway  speed  limits  to  optimize  waterway 
operations . 

ITEM  2 - Pilot  licensing 

Description  - Present  tow  licensing  is  almost  non-existent. 

Discussion  - Some  tows  are  union;  some  are  non-union.  Efficiency  of 
operation  varies  with  the  skill  of  the  towboat  pilots  and  crews.  While 
some  pilots  are  good  on  rivers,  they  may  be  poor  in  locking  tows.  Cn 
certain  reaches  of  particular  waterways,  it  pays  to  have  experienced  pilots 
operating.  This  is  why  some  large  operators  "turn  tows";  they  let  their 
pilots  operate  continuously  in  familiar  stretches  of  wateirways. 

Cone lus ions  - Consider  licensing  pilots  and  crews  for  all  tows  in 
all  sections  of  the  waterways.  Consider  having  master  pilots  for  certain 
difficult  locks  or  waterways,  similar  to  present  piloting  practices  for 
major  ports.  This  is  now  done  on  the  Danube  River. 

ITEM  3 - Modify  obstructions. 

Description  - Many  bridges,  wharves,  and  other  structures  presently 
restrict  tow  operations. 

Discussion  - At  the  north  approach  to  Lock  26,  entering  the  lock  can 
be  quite  difficult  when  barges  are  moored  at  terminals  on  the  approach. 

On  various  v^aterways,  bridges  that  restrict  tow  movement  might  be  modified 
at  relatively  little  expense. 

Conclusions  - Review  all  present  obstacles  to  tow  movements  on  the 
waterways  and  at  locks,  and  consider  removal  or  relocation  of  these  to 
improve  tow  and  lock  efficiency. 


Non-Structural  Improvements  in  Inland  Waterway  Operations  - 
ITEM  4 - Radar  and  radio  control 


Description  - Use  of  electronic  equipment  by  tow  operators  is 
sporadic . 

Discussion  - Some  tow  operators  have  established  pretty  good  com- 
munications with  their  tow  pilots.  Communication  between  pilots  and  lock- 
masters  (other  than  the  time  spent  at  the  locks)  is  less  than  desirable 
for  efficient  waterway  operations.  Some  pilots  use  radar  for  operation 
during  night  hours  and  fog;  others  do  not  attempt  movement  on  certain 
waterways  except  during  daylight  hours. 

Conclusions  - Review  waterway  communications  between  tow  pilots 
and  lockraasters  to  see  if  it  is  not  possible  to  operate  the  waterways  and 
locks  as  a system  to  reduce  bottlenecks.  Endorse  greater  use  of  radar 
equipment  for  better  utilization  of  available  navigation  periods. 

ITEM  5 - Navigation  aids 

Description  - Tow  speeds  are  sometimes  restricted  by  lack  of  adequate 
navigation  aids  through  difficult  reaches. 

Conclusions  - Review  navigation  aids  program  to  see  if  added  buoys, 
range  lights,  etc.,  cannot  improve  tow  speeds. 

ITEM  6 - Bow  thrusters  (or  bow  steerers) 

Description  - Steering  devices  mounted  at  the  head  barge  of  a tow  can 
increase  tow  speeds  through  tortuous  reaches. 

Conclusions  - Investigate  bow  steering  devices  and  consider  an  educa- 
tion program  to  encourage  industry  use  of  such. 

ITEM  7 - Lock  operating  procedures 

Description  - At  certain  locks,  it  may  be  found  that  the  "3  up  - 3 down," 
4 up  - 4 down,*'  or  "5  up  - 5 down"  are  preferable  to  alternate  up  and  down 
lockages.  Also,  limiting  double  lockages  can  increase  locking  efficiency. 

Discussion  - At  the  Industrial  Lock,  it  has  been  found  that  "4  up  - 
4 down  and  variations  can  speed  up  locking  operations  when  queues  develop. 
Other  locks  have  instituted  similar  practices.  Also  at  the  Industrial  Lock, 
an  operating  procedure  calls  for  tows  requiring  double  lockages  to  go  to  the 
eno  of  the  line  with  the  second  part  of  the  tow  when  queues  exist.  This  has 
beer,  successful  in  that  most  operators  prefer  to  hire  a trip  boat  to  bring 
_neir  ..ows  through  rather  than  suffer  the  time  penalty. 


'I-E-36 
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Non-Structural  Improvements  in  Inland  Waterway  Operations  - 

ITEM  7 - Lock  operating  procedures  (continued) 

Cone lus ions  - Institute  "3  up  - 3 down"  or  similar  arrangements  at 
all  locks  where  capacity  can  be  increased  in  this  manner.  Also,  immedi- 
cately  enforce  a double- lockage  procedure  that  requires  an  "end-of-the- 
line"  for  those  tows. 

ITEM  8 - Awards  for  good  performance  and  fines 

Description  - The  towing  industry  should  be  encouraged  to  perform  at 
maximum  efficiency. 

Discussion  - The  Corps  of  Engineers  at  its  locks  and  the  Coast  Guard 
on  the  waterways  should  enforce  efficient  tow  movements. 

Cone  fusions  - Institute  a system  of  performance  awards  and  penalties 
for  tow  operators. 

ITEM  9 - Supervisory  inspection  team 

Description  - Quite  often,  practices  already  instituted  on  waterways 
in  one  section  of  the  country  have  not  yet  come  to  the  attention  of  operating 
personnel  ir  other  areas. 

Conclusions  - To  encourage  use  of  the  waterways  as  a system,  an  OCE 
inspection  team--with  authority  to  institute  better  operating  procedures-- 
should  be  created  to  conduct  surprise  visits  to  waterways  and  locks  and 
review  practices  for  operating  the  system. 

ITEM  10  - Committee  on  Inland  Waterways 

Conclusions  - The  Corps  of  Engineers  should  create  a Committee  on 
Inland  Waterways  to  bring  together  planning,  engineering,  construction, 
and  operating  personnel  to  encourage  dialogue  between  staff  to  increase 
efficient  operation  of  the  waterways  system. 
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12.  «PONSOR»NC  MtUlTARV  ACTIVITY 

Office,  Chief  of  Engiiieers,  U.  S.  Arrzy 
W'lShingtcn,  ?.  C. 


lanJ  viitPrvH.vc  systor.  cf  the  Unite  i P*ares  ac  its  exists  toda;^’-  has  a n-jir.ber  of  problems 
■ir-  ara.-ity  traffic  ccnlitirr..' . .r.  mar.y  pla-^s  or.  the  Mississippi,  a-.ic,  ani  yisscuri 

••.viy'-.Ll-'  * rlbutaries . ihere  '<re  scri*  ".r  irtpe  iLc.ents  to  the  ^ree  flow  cf  wuterccrr.e  ccr.- 
was  ‘or.iucted  tc  det‘'rrt.ii;e  *he  pcter.tia.  f>T  .t.i  re  e*'fi.‘ient  utilicaticr.  of  existing 
«sc  urces  ai'.  l fa'ilities  as  a pc'ssibic  alt^'rr.ative  tr  heavy  investment  in  T.a.\r  ccnstr:c* 
is  I ased  i’  dic*riVuti*-:j  cf  a queci  i'.r.T.aire.  x'’eti:.t*s  ar.i  discussions  with  the  Civil 
or  Tnlai.i  Waterways  Gysl^r.P  .^.alysis,  ani  tr  Corps  of  Engineers  Civil  V/^rks  -'ffi  -=* 

*he  author.  The'inlar. : wa*erwayr  systor.  is  ar.  i;.*i.'r.ate  interleaving  cf  three  signifi<-ar.t 
nysinl  waterway,  the  tewin..-  industry,  ar.i  :o.rjn<  di*ios.  These  subsystems  and  their  ir.*-r- 
..'sed  in  1®*  ail  herein.  !■»  was  detorr.i’n:  *:  at  there  are  a namber  cf  areas  c f pi-tential 
*:h^  inland  waterways  system,  'n;ese  arear  iv.clve  such  items  as  char.ges  ir.  operating 
1<  -ks,  revisions  r‘‘  th**  c'p^rating  rules  for  tovt-oats  appr<  aching  and  using  locks,  staff- 
. aiditirnal  assistance  at  heavily  trat'fi-'keu  looks,  arid  ether  such  factors.  The  .cllcw- 
llus*rvt"  possible  Lmprcverr.ents . The  stud^/  <f  the  Welland  Canal  in  the  Canadian  pertien 
- Ceaway  was  a mrs*  prcduc*ivo  c*’*>rt.  Thr^^igh  irpreved  management  cf  both  the  lock 
rping  in  the  •'or  il,  mu.Hr  investments  v-ro  dela^.-ed  while  significant  increases  in  ship 
zei.  Also,  at  the  imurtrial  va-ai  in  :iew  Orleo.nr.  li^uisiuna,  and  in  rece:.‘  tests  at 
*he  v.isGissinri  Fiver  near  r* , i/'uis.  '■’lss<  :ri,  the  use  of  extra  trwb' ats  ti.  assist 
*^e  le.cks  was  very  nr-  iuctive.  7n  the  hcck  and  2f  tests,  rn  estir.ated  J100,000  in 
*.s  was  realized  by  th-  ‘c.wing  industry  frr  a $.V,C)C^  -.-st.  '.t  is  concluded  that  th-re 

idence  that  cigr.ificantly  rx  re  traffi'-  um  h®  passen  thro\igh  our  inlar.d  waterways  system 
cf  nonstri  '*'iral  cr  Ivw  cost  modificat  ions  in  rperatir^:  rules,  lock  eperatiens,  and 
will  enable  *he  Civil  >.'•  rks  rirect«'rate  to  apply  capi'al  Improvement  investment  more 
’'la-'es  wnep'^’  i*  is  the  cnlv  .®‘olu'*ion  vhil*'*  materially  increasing  c’or  oapabij.it;,  ti  pass 
a*  -*her  1-  atiens  frr  considerat  > periods  cf  tine,  't  is  recomended  that  the  Office. 

H'-'^lvely  pursue  *he  concept  of  nonstr.ictural  cr  lew  c st  imrrc'  ements  in  lieu  -f  rno.-'or 
ma'-r  v at.y  ^•^ven  location.  The  effect  of  an.v  improvements  should  be 

ard  *’/*-.i*  io<*aticT:  ar.d  alsc  wit),  regard  t<  rthor  1. 'rations  -mier  the  systems  concept. 
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